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Matsushita Develops Combustion Technology with 
Reduced NOx, Sound 


94FE0755D Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 9 Jun 94 p 1 


[Text] Matsushita Electric industrial and Matsushita 
Home Construction Machinery have jointly developed a 
new combustion technology that reduces noise and 
restricts the production of nitrogen oxides (NO,). The 
firms will apply the technology to kerosene gas burners 
and will employ these in kerosene fan heaters, to be sold 
beginning in August. When the power of a gas burner is 
increased, vibration noise becomes louder, but one fea- 
ture of the new technology is that a vibration of a fixed 
frequency is produced and the noise is absorbed with 
sound-absorbing materials. In the future, the technology 
will be employed in bath furnaces and water heaters. 


Gas fan heaters are adapted to the place where they are 
installed and the length of the waste gas pipes are 
changed, but because the frequency of the vibration 
noise differs depending on the length of the waste gas 
pipes, it is difficult to adopt noise-reducing measures. 
The kerosene gas burner developed by Matsushita was 
specially designed so that the vibration noise is always at 
a fixed frequency. The burner produces a vibration noise 
at a high frequency of 800Hz. This would normally 
produce an unpleasant din, but a resin material that 
absorbs noise at this frequency is put into the fan area, 
which controls vibration noise. Combustion noise can be 
reduced to | s than 25 decibels in the gas fan heater 
Matsushita will sell; this is four decibels lower than 
current levels. 


The new product lowers NO, values to 100ppm, which 1s 
two-thirds that of products currently manufactured, by 
increasing the burner’s thermal power. The thermal 
power’s range of adjustment is increased 1.5 times, and 
fine tuning of temperature in response to room temper- 
atures is possible. Furthermore, the holes that emit 
kerosene are smaller, and the depth of the fan heater is 
27 centimeters, nine centimeters less than that of current 
products. 


Besides home appliances such as heaters, the combustion 
technology developed by Matsushita can be applied in 
the automotive field, such as diesel waste gas treatment, 
and in the field of agriculture, such as greenhouse 
heating. Matsushita is continuing research on industrial 
applications. 


NIRIM Develops Catalyst that Selectively 
Reduces NOx 


94FE0755A Tokyo NIKKAN KOGYO SHIMBUN in 
Japanese 27 May 94 p 9 


[Text] The Science and Technology Agency’s National 
Insitute for Research in Inorganic Materials (NIRIM) 
and Tosoh Corporation’s Tsukuba Research Lab have 
jointly developed a new catalyst that selectively reduces 
nitrogen oxides (NO,). This is a titanium-based oxide 
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with a crystalline structure that looks like a lotus root, 
which produces a reaction different from existing cata- 
lysts. The precise mechanism is not yet clear, but the 
design of the material is simple, and its rate of selectivity 
far exceeds that of catalysts currently in use. 


Solid acidity is needed for catalytic action that will 
change the speed of chemical reactions, but Jun Watan- 
abe’s research and development group at NIRIM felt 
that “a breakthrough on catalysts would not come from 
improving current methods,” and discovered a new 
catalyst that does not adhere to metals and acid through 
research on ionic conduction. 


The catalyst is an oxide having a crystalline structure 
known as hollandite, which has a lotus root shape. It has 
ionic conductivity. Alkalis or alkaline earths are inserted 
into the holes, and these are surrounded by octahedrons 
based on titanium. 


It is possible to design the development of the catalyst 
material by substituting other substances for the tita- 
nium in the frames. This sheds some light on the precise 
mechanism for the catalytic reaction, and the fact that 
“there is a unique reaction mechanism that is different 
from that of existing catalysts’ [Watanabe research 
group] is being confirmed. 


MITI To Develop Mine Wastewater Treatment 
System 

94FE0755B Tokyo KAGAKU KOGYO NIPPO in 
Japanese 26 May 94 p 1 


[Text] The Ministry of International Trade and Industry 
(MITI) will develop an energy conserving mine waste- 
water treatment system. Because meeting wastewater 
standards has become the most critical issue for a mine 
wastewater treatment facility, measures to conserve 
energy have been inadequate. Along with development 
of the energy conserving treatment system, there are 
plans to establish the system at a mine and perform 
verification tests. A 70% reduction in energy is forecast 
with this system. 


Mine wastewater treatment facilities consume large 
quantities of energy without any productivity; this leaves 
room for improvements in terms of energy efficiency. 
Because this system will be operated as a semipermanent 
facility, energy conservation measures are becoming 
more important. This facility is meant to be a practical 
application of a mine wastewater system, but is also 
intended to be a general purpose facility that can be 
utilized in other wastewater treatment facilities. 


Current mine wastewater treatment facilities neutralize 
acidic wastewater using calcium carbonate, and noxious 
substances are precipitated out and removed. Within 
this system, the neutralization tank propeller and the 
sludge pump are two points where improvements are 
planned. 
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The propeller will be rationally designed, reducing agi- 
tation power in the neutralization tank. Furthermore, by 
concentrating the neutralized precipitated matter, the 
load on the sludge pump is lightened. This is expected to 
conserve energy, and a reduction in the amount of 
calcium carbonate used is expected as well. 


During this fiscal year, development and study of essen- 
tial technologies will take place; the next fiscal year and 
beyond will bring a shift to verification tests at a model 
facility established at a mine. A site will be selected 
during or after the next fiscal year. Practical applications 
will be studied during the final fiscal year. The metal 
mining industrial group is expected to be in charge of 
this. 


Kobe Steel Develops Exhaust Gas Treatment 
System for NOx, Dioxin 

94FE0755C Tokyo KAGAKU KOGYO NIPPO in 
Japanese 19 May 94 p 10 


{Text} Kobe Steel, Ltd. has developed and put into 
practice a waste gas disposal system that can remove 
dioxins and NO, from the waste gas of municipal 
incinerators, by means of a low temperature catalyst 
device. The denitration rate ranges from 70 to 93% at 
waste gas temperatures of 200°C or less, and a high 
percentage of dioxins can be removed as well. 


The combustion waste gas from municipal waste incin- 
eration includes minute quantities of harmful substances 
such as soot particles, NO,, SO,, HCl, dioxins, and 
heavy metals. Practical application of advanced waste 
gas treatment technologies has accelerated in response to 
these various pollutants, but because dioxins and NO, 
have a reciprocal relationship, a system that can simul- 
taneously remove these is desired. 


Kobe Steel has developed a waste gas treatment system 
that removes dioxins with an effective bag filter and a 
catalytic device set up at the latter part of the process. 
Normally, catalysts are operated in the temperature 
range of 250 to 300°C, where they are highly active, but 
in order to control the production of dioxins and achieve 
high-efficiency removal, denitration at low temperatures 
of 200°C or less is required, which is the optimal oper- 
ating condition for the bag filter. 


The simultaneous removal system developed uses a 
titania series catalyst. Low exit concentrations of 40ppm 
and a denitration rate of 70% was achieved at waste gas 
temperatures of 150°C and SV of 4000°'h, and exit 
concentrations of 7ppm and a denitration rate of 93% 
was achieved at SV1600°'h. 


In addition, 75 to 95% of the dioxins were removed from 
waste gas within the range of 150 to 170°C and SV1800 
to 3300°'h. It has also been confirmed that heavy metals 
(such as cadmium) and acid gases (such as HCI and SO,) 
are removed in large quantities. The company plans to 
disseminate the technology as a low temperature com- 
prehensive waste gas treatment system. 
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JAMSTEC Purifies Sea Water Using Aeration 
94FE0755E Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 30 May 94 p 5 


[Text] The Japan Marine Science and Technology 
Center (JAMSTEC) of the Science and Technology 
Agency and Mie Prefecture have demonstrated that 
polluted sea water can be improved by aeration, using a 
pump to send air to the sea floor. Purification tesis were 
carried out in Gogasho Bay in Mie Prefecture, and in the 
future the technology can be used to purify water for 
nurseries plagued by red tides and sludge and for inner 
harbors. Aeration is used to purify the water of closed 
systems such as lakes, but this was Japan’s first attempt 
to show that the technique is useful for purifying sea 
water. 


The experiment was carried out last summer in Oike 
Inner Harbor, in Mie Prefecture’s Gogasho Bay. Four 
bottomless cylinders with diameters of six meters were 
placed within an enclosure inside the bay, creating a 
small ecosystem model. Aeration equipment which 
sends air to the sea floor and circulation equipment that 
stirs sea water up and down were provided. In order to 
compare results, each cylinder met one of the following 
conditions: aeration only; circulation of sea water and 
aeration; circulation only; and no action. The experi- 
ment was conducted for about 10 days. 


Where no action took place, there was very little oxygen 
in the bottom layer, but in the cases of aeration only and 
combined circulation and aeration, sufficient oxygen 
was found throughout the cylinders. However, oxygen 
concentrations in the cylinder where the sea water was 
merely circulated gradually dropped, and satisfactory 
results were not obtained. 


The results were largely the same for aeration only and 
aeration combined with circulation, and aeration alone 
was sufficient for purificatio... 


By increasing the oxygen in sea water through aeration, 
organisms are prevented from dying from a lack of 
oxygen. Moreover, propagation of aerobic bacteria is 
enhanced, enabling decomposition of organic material, 
which can cause water conditions to deteriorate. 


Inner harbors like Gogasho Bay and Akari Bay are 
undergoing eutrophication due to oyster and yellowtail 
breeding, and deterioration of water quality due to red 
tides and sludge accumulation on the sea floor has 
become a problem. Purification through aeration acti- 
vates the ecosystem’s ability for self cleaning, and is in 
many ways superior to symptomatic treatments such as 
simply removing sludge. 


Now, experiments will be performed to determine the 
conditions best suited for purification, such as the 
strength of aeration. Systems that utilize natural energy 
sources such as sunlight or waves for operating the 
pumps will be a future consideration. 








This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 














JPRS-JST-94-026 
29 August 1994 


Shimane University Develops Wastewater 
Treatment Method 

94FEO75SF Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 12 May 94 p 2 


[Text] Shimane University’s Agriculture Department 
Laboratory has designed a treatment method that 
removes nitrogen and phosphorus from domestic waste- 
water by means of multiple soil layers. Soil containing 
large quantities of iron and organic matter is placed 
between layers of highly water permeable soil in a block 
formation, producing contact efficiency with the pol- 
luted water and increasing cleaning capability. Charcoal 
is laid on top of each block, creating a haven for 
microorganisms and adsorbing and decomposing 
organic matter. Soil that is used up is turned into 
fertilizer for agriculture and gardening, and can be 
re-utilized. Because maintenance is simple, it would be 
effective for golf course wastewater treatment as well as 
for domestic use. 


The research is being carried out by Assistant Professor 
T. Wakatsuki’s group at the Soil Laboratory. The treat- 
ment method consists of digging a hole one to two meters 
deep, and spreading a sheet over it. A wastewater pipe is 
run through the lowest layer and gravel fills in the area 
around it. On top of this are five to 10 alternating layers 
of zeolite, which has high ion exchangeability and gas 
adsorption power, and soil mixed with iron powder and 
jute pellets. 


Contaminated organic matter is decomposed by the 
zeolite layers and other soil layers. The soil containing 
jute pellets (made by molding jute rope under pressure) 
and iron powder denitrates and adsorbs phosphoric acid. 
During the one-year experiment, the 297mg of nitrogen 
in one liter of wastewater was reduced to 16mg, giving a 
treatment rate of 95%. 54mg of phosphorus was almost 
completely removed, to 0.1mg. The BOD (biochemical 
oxygen demand) was reduced 99%. 


If combined with individual purification tanks for 
domestic use, the method could remove nitrogen and 
phosphorus from miscellaneous wastewater that flows 
largely untreated. It is estimated that a general domestic 
use facility of five to 10 square meters would cost about 
¥1 million. The Soil Laboratory is also appealing to 
municipalities that are studying advanced treatments for 
nitrogen and phosphorus to employ the method. 


NIES To Develop ‘Ammonia Excretion Map’ 
Targeting Korea, China Next 

94FE0755G Tokyo KAGAKU KOGYO NIPPO in 
Japanese 25 May 94 p 8 


[Text] In order to prevent soil from becoming acid, the 
Global Environment Research Group of the National 
Institute for Environmental Studies (NIES) has begun 
preparation of an “ammonia excretion map” that pin- 
points ammonia produced from fertilizer and livestock. 
This is one component of an acid rain study for the Asian 
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region; in the future similar maps will be produced for 
China and Korea as well, and will become basic data for 
implementing effective policies on acid rain. 


Alkaline ammonia acts to neutralize nitrogen oxides and 
sulfur oxides, substances that cause acid rain in the 
atmosphere. However, on earth it accelerates acidifica- 
tion through nitrification. In countries with a extensive 
livestock industry like Holland the soil is completely 
acid, and the damage is so severe that vegetation cannot 
thrive. This kind of problem led the NIES Global Envi- 
ronment Research Group to prepare an ammonia excre- 
tion map on the non-industrial sources of ammonia in 
Japan, namely, fertilizer and livestock (cattle and hogs). 


A map known as “Version |” has already been com- 
pleted, which makes it clear that Hokkaido, Kyushu, 
Kanto, and the National Capital Region, level areas 
having a large livestock industry, excrete large quantities 
of ammonia. Of these, Kyushu excretes 8876 tons/year, 
Kanto and the National Capital Region 7632 tons/year, 
and Hokkaido 6384 tons/year. 


This map has a large mesh, measuring 100km square, 
and “‘adjustments will be needed in the future in order to 
make it more detailed’ (Kentaro Murano, head of 
research). The group also plans to “make an ammonia 
excretion map of cattle and hogs in Korea” (Mr. 
Murano), but a map would be most useful for China, a 
vast, agricultural country. This is because areas in which 
large quantities are excreted can be narrowed down, and 
improvement measures can be considered. 


At the Second International Asia Acid Rain Monitoring 
Workshop held in January, it was pointed out that there 
was a lag in research on an inventory of ammonia 
sources, volatile hydrocarbons, and carbon monoxide. 
Research in this field and development of standards for 
monitoring methods are needed in every Asian nation. 


Oil Reclamation System for Waste Plastics 


94FE0755H Tokyo TOSHIBA REVIEW in Japanese 
] May 94 pp 343-345 


[Text] 


1. Introduction 


The development of technologies that thermally degrade 
plastics and transform the plastics into fuel oil was 
attempted during the oil shock, but was discontinued 
once petroleum prices fell. However, the recycling of 
waste plastics is once again in the spotlight, due to a 
focus in recent years on landfill shortages and efficient 
resource utilization. Now, technology has emerged 
which takes the crude oil obtained through thermal 
degradation of plastics and turns it into useful gas oil 
using catalysts; it is currently undergoing verification 
tests using full-scale equipment. 


However, the technology has been limited to polyolefins 
(polyethylene, polypropylene, and polystyrene), as there 
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ability to develop a working device. 





is a problem with catalyst deterioration due to hydrogen 
chloride and the production of organic chlorine when 
polyvinyl chloride (PVC) is thermally degraded, which 
produces toxins. Therefore, there have been a number of 
attempts to develop second generation technologies, 
such as dechlorination of PVC through two-stage heating 
and development of chlorine-resistant catalysts. Toshiba 
is developing and continuing study of technologies that 
will eliminate toxins in mixed waste plastics containing 
PVC through thermal degradation with alkali addition, 
and will refine the oil produced by means of pressuriza- 
tion decomposition without a catalyst. 


Verification tests are being performed on a pilot scale in 
order to establish the basic technology for the system, 
and here we report that practical application is possible. 


2. Test Device 
2.1 Pilot Plant Summary 


Based on the results of basic testing, a pilot plant (*m 
wide x 2m deep x 2m high) was designed and built. A full 
view is shown in Figure |. 


The degradation tank has a 20 liter volume, which is 40 
times greater than the 0.5 1 volume during basic testing; 
however it is 1/50 the size of an actual tank, which is 
estimated at 1,000 |. A diagram of the device is shown in 
Figure 2. 


The degradation tank consists of two parts: a degradation 
tank under normal pressure, where alkali is added and 
primary decomposition takes place, and a pressurized 





Figure 2. Schematic Diagram of Oil Reclamation 
System. This is based on a method of thermal degrada- 
tion with alkali addition and on a method of decomposi- 

tion through pressurization, and can reclaim oil from 
mixed plastics containing PVC as well. 





degradation tank where the crude oil produced is light- 
ened. A primary condeaser that separates the oil produced 
in the normal pressure tank into light and heavy oil, a 
pump that transports the heavy oil into the pressurized 
tank, and a secondary condenser that cools and liquefies 
the gas produced by the two degradation tanks constitute 
the main elements of the device. The specifications for 
these components are shown in Table |. 
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Table 1. Specifications of Pilot Plant 



































Name Summary of Specifications 
Normal Pressure Volume 201 
dation Tank we ; 
capeasten en Heat addition Heater, maximum 
method 10kW 
Primary Condenser Cooling method Fin tubes 
Coolant Air 
Pump Flow 1 /min 
Pressurized Degrada- | Volume 21 
tion Tank 
— Head addition Heater, maximum 
method 1.8kW 
Secondary Cooling method | Double pipes 
Condenser 
Coolant Water 











2.2 Testing Methods 


Pellets having an external diameter of 5 mm were used as 
samples for testing. Five kinds of pure pellets, polypro- 
pylene, polyethylene, polystyrene, PVC resin, and ABS 
resin were used, as well as pellets combining all of these. 
Experimental conditions are shown in Table 2. 





Table 2. Experimental Conditions of Pilot Plant 
Testing Method 





Function 
classification 





Degradation Under Heat addition 450°C, 2-3 hours 


Norma! Pressure 





Condensing tempera- | 250°C 


ture 


Primary Condensing 





Pressurized Degrada- | Pressure 0.392 MPa 








_ Heat addition 450°C, 1-2 hours 
Secondary Condensing tempera- | 50°C 
Condensing ture 











When the alkali is added, the mole fraction of sodium 
hydroxide pellets was increased to 1.5 times that of the 
chlorine in the PVC resin. In addition, heat addition 
conditions were adjusted for the plastic being processed 
and modified plus or minus 50°C. 


3. Test Results 


The device described above operated normally, and our 
company’s method, which consisted of degradation 
under normal pressure with alkali addition and pressur- 
ized degradation, was verified at the pilot scale. The 
quality of the oil produced was good, and it was con- 
firmed that the oil could be processed with a two-stage 
degradation system, with pressurized degradation of the 
crude component following degradation under normal 
pressure. This held true even when the composition of 
the plastics was slightly altered. 


Next, the effects of increasing the scale was studied by 
comparing the results of these tests with the basic tests. 
Factors such as decomposition temperature, oil compo- 
sition, and the rate of change into oil corresponded well. 


Environment . 


In this way it was ascertained that there were no effects 
on the oil produced by an enlargement of 40 times. 


1. Decomposition temperature: As shown in Figure 3, 
this was fixed at 400°C at both scales for polyethylene. 
This temperature indicates the phase change tempera- 
ture where the molten plastic decomposes and becomes 
gas; depending on the type of plastic, it takes on a 
characteristic value, which is the value of its physical 
properties. For this reason, temperature control is not 
considered especially important. Similar results are 
being obtained with polypropylene. 


2. Oil composition: a fuel oil having a quality very close 
io a mixture of gasoline and kerosene, with a moleculas 
weight distribution as shown in Figure 4. There is only a 
slight difference in the distribution between the two 
scales. 


3. Rate of change to oil: this was about 10% less than the 
results from basic testing, but the rates are nearly iden- 
tical when compared with the amount of gas and the 
total amount of recovered hydrocarbon. This tendency 
was observed even for mixed waste plastic samples. 
When the rate of change is increased, there is an 
improvement in the condensers’ ability to condense. 


A slower increase in the internal temperature of the 
degradation tank and the concentration of hydrogen 
chloride in the waste gas are given as factors producing 


internal 
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Figure 3. Decomposition Temperature of Polyethylene 
vs. Time. Decomposition temperatures corresponded, at 
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Figure 5. Large-Sized Pilot Plant (1,000 liters). The pilot plant’s scale was increased, and development continues on 
a device for practical application. 





the differences between the two scales. Both result from 
slow heat transfer and poor temperature distribution due 
to enlarging the degradation tank. However, these prob- 
lems are not especially difficult in terms of equipmeni, 
and can be addressed by increasing the capacity of the 
degradation tank heater or with a waste gas treatment 
device such as an alkali wash. 


4, Examination of a Full-Scale Verification Testing 
Device 


Based on the results of verification tests at the pilot scale, 
we are now building a full-scale verification test device 
in which the normal pressure degradation tank is 
increased 50 times to 1,000 liters (Figure 5). 


The principle items under investigation are as follows: 


1. Making the dregs easier to process: a portable inner 
tank is fitted into the degradation tank, and waste 


plastics degrade within it; experiments are continuing on 
a method that stores the dregs in as limited a space as 
possible. Shortening the time of experiments executed 
through batch processing is being considered, which will 
prevent the deterioration of thermal conduction due to 
the adherence of dregs in the degradation tank. 


2. Heat addition methods: when large quantities of waste 
plastics are thermally degraded, adjustments in the 
amount of heat added affects processing time. For this 
reason, special care is taken to heat all the plastic, even 
during expansion, by using several burners. 


3. Adjusting condensing capability in response to 
changes in flow: the condensed fluid is decomposed into 
its heavy and light components using air as a heating 
medium. A warming function is being added to the 
condenser in order to maintain separation at a fixed 
temperature, not just during cooling. 
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Government, Academia Begin Joint Research on 
Positron Beam Applications 

94FE0680B Tokyo KAGAKU KOGYO NIPPO in 
Japanese 7 Apr 94 p 1 


[Text] 


Analysis of Finely Detailed Structures Within Materials 


A joint government and academic research project 
relating to heightening, generating and control technol- 
ogies for positron beams will be taken up this fiscal year. 
This will be incorporated in a five year plan as a new 
research subject for general research on atomic power 
basic technology (close over research) that is being 
promoted by AIST. When positron beams are used, it is 
possible to analyze detailed structures in substances and 
materials on the atomic and molecular levels, and this 
yields information that cannot be obtained just by ordi- 
nary particle beams, such as light, electron and neutron 
beams. The aim of this project is to promote develop- 
ment of a series of general and control technologies for 
these positron beams, and to make advanced use of 
them. This will concentrate the technology potential that 
the research organizations have, and the aim is to 
develop new methods to utilize positron beams that will 
provide high strength, high quality beams. 


Positron beams, which are taken from an accelerator, 
can be utilized as a means to capture the phenomena and 
structures of extremely small regions, such as the energy 
movement of electrons which influence the characteris- 
tics of materials, and the positional relationships of 
atoms that are arranged on the surfaces of materials. For 
this reason, researchers from many fields are becoming 
hopeful that this will become the research means that is 
required for the development of a variety of advanced 
materials such as high temperature superconducting 
materials and of future generation semiconductor ele- 
ments. However, because it is difficult for a single 
research organization to cover the wide range of research 
required for the generation and control technologies to 
produce these beams, the project has been taken up in an 
integrated way. 


Until a highly useful electron beam is achieved, a large 
current positron beam of fluctuating energy will be 
generated from a high strength positron beam source 
(electron beam accelerator), will be made to conform to 
a fixed low energy level by a reduced speed material 
(moderator), and the beam will be built by a process of 
accelerating as necessary. The project will pursue the 
development of technologies for control means to form 
the high strength beam source, for a highly efficient 
moderator, and for a sub-micron beam with a small 
beam diameter. 


The five nuclear research organizations in this project 
will be: the Power Reactor and Nuclear Fuel Develop- 
ment Corporation, the Japan Atomic Energy Research 
Institute, the Institute of Physical and Chemical 
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Research, the National Institute for Research in Inor- 
ganic Materials, and the Electrotechnical Lab. Through 
these nuclear organizations, there will be the participa- 
tion of universities and national experimental research 
institutes. 


Update on Progress of Japanese Companies in 
Development of Blue LED 


94FE0680A Tokyo TRIGGER in Japanese Vol 13 No 3, 
Mar 94 pp 85-88 


[Article by Hisashi Hashimoto] 
[Text] 


Hi-Tech Report: How Far Can Technology Go in 
Reproducing “Blue,” the Color of Mystery 


The color blue is extremely difficult .» create artificially. 
Just as it indicates in the old saying, “Blue comes from 
indigo, but it is bluer than indigo,” blue is a very myste- 
rious color. Even though there are over 20,000 varieties of 
roses, there is still no blue rose. Moreover, higher density 
recording of optical information can be accomplished if 
the laser eam, which is the “needle of light,” can be made 
narrower with a shorter wavelength. Thus, there is hot 
technical competition to see who will be the first to 
oscillate a blue semiconductor laser at room temperature. 
We will introduce these stories that intertwine around this 
mysterious color blue. 


Blue: A Color Loved Around the World 


From time immemorial, blue has been a color sought 
after in human interactions domestically and interna- 
tionally. With other colors, there have been national 
differences, but only blue has been loved by ail the world. 
Of course, there are fine shades of difference, but people 
have used the color blue to highlight hopes, youthfulness, 
and the merits of the cleanliness of life. For example, 
there is indigo blue. Often it is called ‘Japanese blue,” 
and in the Edo Period, indigo dyes were popular 
throughout Japan to the point that to foreign eyes it 
appeared that all of Japan was blue. Sometimes, blue 
gives the impression of being dark and cold, but the 
indigo dye color differs from other blues, and to the 
contrary, somehow it gives a feeling of warmth. The 
indigo dye color is one that invites all the more nostalgia 
for the Japanese. 


There is an old saying that “Blue comes from indigo, but 
it is bluer than indigo.” This expresses very well the 
knowledge that they had of dyes long ago. Today, yarn 
and cloth are primarily died with chemical dyestuffs, but 
in the past, dyestuffs were principally made from plant: 
Indigo is representative of those plants, and it was widely 
cultivated in fields. Originally, it was brought in from 
China. 


The leaves were harvested, fermented, ground in a 
mortar, and made into an indigo ball which became the 
dyestuff. Yarn and cloth were then placed in a container 
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Figure 1. Biosynthesis Process for the Anthocyan Type Pigment Component 





filled with dyestuff, and they were died by dipping them 
in repeatedly. The color when they were just being 
dipped in was not all that deep, but when contacting the 
air and oxidizing, they became a deep blue color. The 
finished dye color was deeper than the color of the 
original indigo. 


Today, there are many people who have an interest in the 
dying of cloth and yarn not only with chemical dyestuff 
but also by reviving natural dyestuffs. This is because the 
indescribably subtle shades are high prized. There are 
also people who dye using the boiled broth of tea and 
onions. 


I have seen a television program introducing the tending 
of sheep in the countryside of Turkey, and the hand 
weaving of traditional Turkish carpets. Using yarn made 
from the wool of sheep as the material for the carpets, 
they skillfully dyed in their own homes using dyestuffs 
from plants. However, the only color it was difficult to 
come up with was a beautiful shade of blue, and for that, 
they relied on specialists to dye it for them. 


Perhaps the feeling of raystery comes from the fact that 
it is only blue that requires these strange techniques. 
Stretching this idea further, the mystery may also be an 
expression of the will to cope with the fact that it is not 
so easy to naturally dye the color blue. 


Getting Blue Flowers To Bloom With Biotechnology 


Today, the effort to obtain positive results with the color 
blue are continuing in the world of biotechnology. 


For example, there is the blue poppy which is a dream 
like Himalayan flower that came on the scene in 1990 at 
a specialty flower show convened in Osaka. Just as there 
is no blue color in roses, it was said to be extremely 
difficult to cultivate a blue poppy, but in 1987, to 
promote regional business at Horobe City, Hokkaido 


‘they began studying the creation of flowering plants that 


make the most of the special characteristic of this cold 
region. In the following year, 1988, they received guid- 
ance from Assistant Professor Ando of Chiba University, 
and they began the experimental cultivation of a blue 
poppy. The blue poppy, that was originally produced in 
the Himalayas, is difficult to cultivate, and normally the 
most success in cultivation has been in cold clirnates 
such as in England and Canada. 


However, the environment of Hokkaido is different. 
There are difficulties in insufficient growth of seedlings, 
and heavy summer heat. They continued with the tech- 
niques of sowing one month early at the beginning of 
February, and finally, they were able to come up with the 
specialized flower. Since then, they have gone on to 
establish this as a flowering plant business. 


In June 1991, Assistant Professor Kondo’s research 
group at Nagoya University announced results 
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Figure 2. Optical Disks and Semiconductor Laser Light Sources—Recording Density and Shortening the Wavelength 





explaining the color elements of blue flowers using 
tsuyukusa [phonetic: a kind of flowering plant]. Using 
these results, it should be possible to cultivate a blue 
rose. 


In the past, people were fascinated by the color of the 
hydrangea as a way to understand the blue color of 
flowers. The basis of the flower color of hydrangea is a 
pigment anthocyan, and there were a variety of opinions 
as to why this expressed color as red, blue, purple and 
reddish purple, etc. Assistant Professor Kondo’s group 
analyzed the pigments using tsuyukusa which has blue 
flowers that bloom in the summer, and by resynthesizing 
these elements afterwards, they determined the molec- 
ular structure of the blue pigment conmelinin. This 
simultaneously verified the coloring mechanism for 
anthocyan. 


It was clarified that the blue color of flowers comes from 
a mixed metal body in which metailic magnesium 
adheres to the molecules of anthocyan and flavone that 
compose conmelinin. 


However, what the breeders and lovers of flowers around 
the world are taking direct aim at is the blue rose. In 


August 1991, in a joint venture with the Australian 
company Calgene Pacific Pty Ltd., which is a world 
leader, Suntory Co. engaged in research to regulate 
flower color for the development of a blue rose, and was 
successful in obtaining from petunias the “blue color 
gene” necessary for the development of a blue rose, 
specifically, the gene for the enzyme by which the blue 
pigment is synthesized. This research deals with the 
synthesis of the pigment anthocyan as well. 


There is a long history of cultivating roses, and because 
the rose has been repeatedly improved across several 
centuries, there is a wide variety of colors such as white, 
red, pink and yellow in more than 20,000 varieties. With 
that, why has it been so difficult to create a blue color? 


Delphinidin, which is the structural component of the 
blue pigment, is not included in the petals of roses. Thus, 
this is because it lacks the enzyme 3°S"hydroxilase which 
produces dihydromyrocetin which is the precursor of 
delphinidin. Specifically, this gene is the key to success 
in cloning. 


In order to produce a blue rose, it is necessary to develop 
a technology to incorporate this gene into the petals of a 
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rose, and this is still poses a huge barrier. At Suntory, 
they have made this the goal, and they hope to make a 
commercial product within a few years. 


LEDs That Have Uniform RGB 


As with the rose, the attempt to artificially mimic the 
blue color of the natural world is not going all that well in 
the world of electronics either. It is indispensable to do 
R&D for the creation of the color blue for semiconductor 
lasers and laser diodes. 


Generally, the word diode refers to semiconductor 
diodes which have rectifying characteristics. 


Devices which naturally emit light when current is 
applied to a diode which has a PN junction are called 
light emitting diodes (LED). When the current exceeds a 
given value (the threshold value), a conductive discharge 
action occurs, the gain of light is in equilibrium with the 
loss of the resonator, and laser action occurs. Because the 
resonator reverses and vibrates the light, a device with 
this kind of structure is called a laser diode (LD), or a 
semiconductor laser. 


Specifically, both LEDs and LDs have structures that 
fundamentally resemble each other. Generally, lasers 
such as carbon gas lasers and helium neon lasers require 
a light source for excitation, but because semiconductor 
lasers put out coherent light in which the wavelength and 
phase are uniform by running forward current at the PN 
junction and oscillating, generally there is no optical 
excitation. Semiconductor lasers are small sized like 
LEDs, and they have big advantages in that they have 
simple structures and do not require a light source for 
optical excitation. 


LEDs thoroughly permeate everyday life, and they are 
used in a variety of ways from cameras and household 
electrical products to station and train display boards, 
etc. There are even fishing floats for night time fishing 
that emit LED light with a lithium battery. 


On the other hand, LDs reproduce music and data for 
compact disks functioning as the “needle of light,”’ and 
are widely used as the light source for optical fiber 
communications and laser printers. 


In this regard, the greatest drawback to this kind of 
actively used LED and LD is that short wavelength light, 
specifically, blue light, is difficult to produce. 
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If blue light were produced, it could be combined with 
the red and green lights that are already generally used in 
LEDs to comprise RGB, the three basic colors of light. 
With this, a full color display with “sky blue” could be 
made. There is already demand for large scale displays 
with a surface area of 1,000 m? for use in such places as 
baseball fields, plazas and event sites. 


On the other hand, by being able to produce blue light 
with LDs, more information could be recorded on 
optical disks, and the volume of information transmitted 
on optical fibers could be increased. Currently, red light 
Lds with a wavelength of 780 nm is being used in optical 
disks for offices, but by cutting the wavelength in half, 
the recording density could be increased four times or 
more. 


So what is the current situation in recent developments? 
First, blue LEDs are coming along faster than blue Lds 
(oscillation wavelength 460-500 nm), and some blue 
LEDs have already appeared on the market. However, 
the brightness (the quantity of light in a given direction, 
namely, the intensity) is inadequate. 


Among these, the latest news is that Nichia Chemical 
Industries has developed a blue LED that is 100 times 
brighter than conventional devices, and will be mass 
producing it in January 1994. This device has 2.16% 
efficiency for converting electrons to photons, which is 
considerably higher than conventional devices, and it 
make use of materials such as silicon carbide (SiC) and 
gallium nitride (GaN). In order to heighten the crystal 
characteristics of the GaN type, the convection of 
organic metal CVD reactive gas is suppressed. The peak 
wavelength of the blue light is 450 nm; the life span is 
20,000 to 30,000 hours in the period of half reduction of 
intensity, and the intensity is 1,000 millicandles when 
there are 15° steering characteristics. 


Also, in June 1993, Sharp Co. was successful with a blue 
LED prototype that could be expressed in 64 gradations. 
in contrast to two lamps of red and green, which were 
necessary in the past, this expressed white light with four 
blue lamps. Conventional blue LED elements which 
have low intensity and cannot be made into gradations 
require multiple lamps in order to make a white color. 
Sharp could express full color by high intensity blue 
LEDs which can express 64 gradations. 
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Figure 3. Structural Diagram of Sony’s Blue-Green Semiconductor Laser 
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Figure 4. Structure of Matsushita Electric’s Blue-Green Semiconductor Laser 
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12 Microelectronics 


Progress Made in Shift to Color and 
High-Definition for Reflection-Type Liquid 
Crystal Panels With Power Consumption Below 
1W 


94FE0655A Tokyo NIKKEI MICRODEVICES in 
Japanese May 94 pp 84-85 


{Article by Takeshi Asagura] 


[Text] With galloping competition to develop a reflective 
type liquid crystal panels for portable devices that keep 
power consumption to 10-300 mW, progress is being made 
in colorization and high product quality. This was made 
evident in the exhibits at the “EDEX °94 (9th) Electronic 
Display Exposition” that was held in April. Sharp was the 
first to improve the brightness of the TFT system and to 
offer reflection-type color panels to the general public. 
Sharp, Toshiba and Seiko Epson exhibited monochrome 
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MIM (metal .nsulator metal) system reflection-type 
panels “for portable information devices.” 


The reflection-type TFT color and MIM monochrome 
panels exhibited in the latest Electronic Display Exposi- 
tion have led the Main Liquid Crystal Department, 
Sharp Co., to claim that “low power consumption panels 
for portable information devices will appear across the 
line from low to high end products” (Figure | [not 
r-produced], Table 1). In the past, there were only 
reflection-type STN monochrome panels. By coming out 
with a line of reflection-type panels, progress will be 
made dividing products according to use such that TFT 
color will be for high performance devices that display a 
great deal of information, MIM monochrome will be for 
general use devices that keep down production costs 
while the display quality approaches paper white, and 
STN monochrome will be for inexpensive devices that 
seek a cost advantage. 





Table i. Principal Specifications of Reflective Panels Exhibited at the Electronic Display Exposition 
































Name of manufacturer Sharp Sharp Toshiba Seiko Epson 

Type of display TFT reflection-type color MIM reflection-type MIM reflection-type MIM reflection-type 
monochrome monochrome monochrome 

Liquid crystal mode Phase change type guest- ™N ™N ™ 

host 

Diagonal dimensions cm 13(5) 12(4.7) 20(7.8) 11(4.5) 

(inch) 

Number of pixels 320x240 320x240 640x480 640x480 

Display colors 4 colors monochrome monochrome 16 grada- monochrome 16 grada- 

tions tions 

Contrast under evaluation 30:1 15-20:1 10:1 

Screen brightness (cd/m2 under evaluation under evaluation 50(580 Ix) under evaluation 

Response speed (ms)/ 150-200/50 80/10 80/300 80/150 or less 

power consumption (mW) 

Visual angle up/down, 100, 100 90, 90 under evaluation 30, 60 (2:1) 

left/right (degrees) 

















Sharp is the first company to offer to the general public 
a reflection-type color panel based on the TFT system. 
The basic configuration of the panel is the same as that 
which was first announced in academic circles two years 
ago at the 1992 Society for Information Display (SID 
92), but according to the Sharp Liquid Crystal Research 
Lab, “At that time the white display was actually yellow, 
and now we are approaching a whiter and brighter color. 
This was done by using techniques involving the reflec- 
tion plate structure as well as the design of the color 
filters.” Sharp has not publicly announced what the 
measured contrast is, but compared to the 3:1 at the time 
of the academic presentation, Professor Tatsuo Uchida 
of the Engineering Department, Tohoku University sug- 
gests that “The current display panel is about 10:1.” 


However, there are still only four display colors of cyan, 
red, white and black, and quite a few commentators, 
such as competing panel manufacturers NEC and 
Toshiba, indicated that “in terms of performance, it is 
only half way there.” To guarantee brightness, a phase 
change guest-host mode, which does not use a pc!2rized 
light plate, was adopted (Figure 2), but this system 
cannot in principle display gradations. NEC is aware 
that if high production cost TFT elements are used, “It 
should be possible to anticipate full color moving dis- 
plays,” and there is agreement on this among industry 
experts, but many, such as Toshiba, have the opinion 
that in order to realize this, “it will once again be 
necessary to re-study other liquid crystal modes.” 
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Figure 2. Model of Phase Change Guest-Host Mode. 
The liquid crystal mode adopted by Sharp for a reflec- 
tion-type color panel. When the voltage is zero, the 
liquid crystal molecules in which black pigment is 
mixed are indicated in a spiral orientation, and black is 
displayed by absorbing light. When voltage is applied to 
a given threshold value, the spiral orientation of the 
liquid crystal molecules is released, the molecules line 
up in the same direction and white is displayed. If 
threshold voltages are the same, there will be a trade off 
between the response speed and the brightness. 
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Toward Paper White With MIM 


On the other hand, Sharp, Toshiba and Seiko Epson 
exhibited monochrome MIM system reflection-type 
panels. All of them increased contrast to 10-30:1 as 
opposed to the 3-7:1 of STN, and approached a “paper 
white” display. 


The MIM elements of all three companies had a struc- 
ture which used an anode oxide film of Ta. The quality 
of the displays seemed to be about the same among all 
three companies, but there were differences in power 
consumption, high brightness and high detail. 


In particular, Sharp surprised industry insiders by using 
techniques involving the drive method to drop power 
consumption to 10 mW, which was a factor of 10 lower 
than the other companies. Toshiba was strong in 
obtaining a brightness of 50 cd/m? with external light 
down at 580 Ix, and Seiko Epson’s device had the appeal 
of realizing a high detail display of 640 by 480 pixels at 
a diagonal width of 1! cm (4.5 inch type). 
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14 Nuclear Technologies 


Key Points of New Long Term Program for 
Nuclear Energy 


Basic Principle for Use of Plutonium Unchanged 


94FE0768A Tokyo GENSHIRYOKU SANGYO 
SHIMBUN in Japanese 19 May 94 p 1 


[Text] 


Plutonium Use as Foundation of Plan Is Unchanged; 
Consideration for Transparency, Disclosure of 
Information 


The long-term plan experts’ subpanel (chaired by 
Shoichiro Kobayashi, chairman of the Kansai Electric 
Power Company) of the Japan Atomic Energy Commis- 
sion (JAEC) presented a summary of a new long-term 
plan for development and use of nuclear energy to the 
long-term plan panel, which met on 18 May. The sum- 
mary reconfirms the basic line of the nuclear energy 
policv, which is to steadily promote nuclear fuel recy- 
cling, and maintains that consideration will be given to 
transparency and disclosure of information in the pro- 
motion of the plan. The summary also indicates plans to 
begin construction of the number | demonstration fast 
breeder reactor (FBR) at the beginning of the 2000s, 
establish an FBR technology system to enable commer- 
cialization by around 2030, and realize pluthermal use in 
about 10 light water reactors (LWRs) by around the year 
2000. The experts’ subpanel will concentrate on drafting 
the new plan based on this summary, with the goal of 
completion by the end of June. 


The report to the final meeting of the long-term plan 
panel contained the status of deliberations of the first 
through fourth subcommittees, which were completed by 
the end of May. The basic direction of the deliberations 
had been agreed upon in the parent group, the long-term 
plan subpanel. 


The following are some of the points made regarding the 
necessity and significance of nuclear fuel recycling, an 
essential element of the long-term plan: 


(1) recycling will ensure long-term energy security; 


(2) it will contribute to protection of resources and the 
environment; 


(3) it will address the international issue of building 
energy systems that do not allow carbon dioxide to 
increase. 


In connection with recycling, the report clearly states 
that Japan will only hold enough plutonium to pursue 
the long-term plan (no excess plutonium) and states that 
it is important to work to increase transparency of the 
plan. Concerning the forecasted supply and demand of 
plutonium recovered in Japan (excluding plutonium 
returned from abroad), the report maintains that prior to 
operation of the Rokkasho Reprocessing Plant, demand 
will exceed supply on an annual basis, and there will be 
no excess plutonium on the basis of cumulative supply 
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and demand (about 4 tons) to the end of the 1990s. After 
commencement of full-scale operation of the Rokkasho 
Reprocessing Plant, supply and demand will balance out 
even on an annual basis (cumulative supply and demand 
from 2000 to 2010 will be about 35 to 45 tons). 


As for concrete plans for recycling, pluthermal use will 
be increased flexibly: It will be used by a small number of 
pressurized water reactors (PWRs) and boiling water 
reactors (BWRs) in the latter half of the 1990s, by 
around 10 reactors around the year 2000, and by more 
than 10 reactors by 2010. The demonstration advanced 
thermal reactor (ATR) in Oma will begin operation at 
the beginning of the 2000s. The report uphold the 
principle of reprocessing and recycling and maintains 
that the Rokkasho Reprocessing Plant will begin oper- 
ating after the year 2000, and that a decision on con- 
struction of a second reprocessing plant, which was 
forecasted in the existing long-term plan to begin oper- 
ation around 2010, will be made around 2010. Commer- 
cialization of a private sector LWR mixed oxide (MOX) 
fabrication plant (under 4 tons per year) will be pro- 
moted after the year 2000. Some of the spent fuel will be 
stored temporarily at nuclear power plant sites as 
“energy resource stocks.” 


With regard to FBR development, the report reconfirms 
that the basic principle will be to make the FBR the 
mainstream nuclear power plant reactor in the future 
and sets the goal of establishing technological systems 
that will make it possible to realize a practical model by 
around 2030. It states that development will be carried 
out through cooperation between the electric power 
industry and the Power Reactor and Nuclear Fuel Devel- 
opment Corporation (PNC). Development of FBR 
reprocessing technology will be carried out with the goal 
of beginning operation by around the mid-2010s. The 
report also states that out of consideration for non- 
proliferation of nuclear weapons, R&D will be promoted 
on recovery and recycling of actinides based on FBR 
technology. 


On the other hand, the report points out that LWR use as 
the mainstream nuclear power plant reactor will con- 
tinue for a long time even after commercialization of the 
FBR, and it states that it will be important to address the 
following in the future: 


(1) measures to ensure safety of aging reactors; 


(2) enhancement of measures to deal with the human 
factor, 


(3) establishment of comprehensive equipment manage- 
ment methods to ensure efficient operation and mainte- 
nance; 

(4) upgrading of LWR technology; 


(5) development of LWRs and small reactors for the 
future that incorporate the concept of passive safety. 
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Especially with regard to measures to ensure safety, 
preventive maintenance measures will be made more 
comprehensive. 


Also, as for backend measures for nuclear energy use, the 
report urges a clear delineation of jurisdiction over fuel 
cycle waste, which is generated in reprocessing and 
uranium enrichment facilities, and responsibility for its 
disposal between the nuclear fuel cycle enterprise, which 
directly creates the waste, and the electric power compa- 
nies, which carry out the nuclear power generation that is 
intimately related to the creation of the waste. With 
regard to the processing and disposal of high-level waste 
(HLW), the report reconfirms the 1992 decision of the 
JAEC to set up a chief implementer of the disposal by the 
year 2000, and begin operation of a disposal site by the 
2030s or 2040s at the latest. 


Included in the report are the following plans to smooth 
the way for the siting of nuclear energy facilities: 


(1) carry out grass-roots type public relations activities, 


(2) if necessary, conduct safety verification tests in areas 
surrounding the facility sites, 


(3) establish a support system to work with the govern- 
ment. 


As for international nuclear cooperation, the report 
states that Japan will indefinitely extend the Nuclear 
Non-Proliferation Treaty (NPT), but at the same time, it 
will not agree to perpetuation of possession of nuclear 
weapons and will use its influence to advance nuclear 
disarmament. As efforts that will be made at Japan’s 
initiative in addition to its NPT obligations, the report 
cites consistent development of the nuclear fuel recycling 
program, fleshing out the international framework in 
order to increase transparency, and active efforts to 
promote understanding. 


With regard to nuclear energy R&D, the report mentions 
efforts from a long-term viewpoint, such as strength- 
ening basic research and nurturing and ensuring trained 
personnel. 


Deliberation by First Subcommittee 
94FE0768B Tokyo GENSHIRYOKU SANGYO 
SHIMBUN in Japanese 26 May 94 p 4 


[Text] On 18 May, the JAEC’s experts’ subpanel on the 
long-term plan (chaired by Shoichiro Kobayashi, 
chairman of the Kansai Electric Power Company), which 
has been drafting revisions to the long-term plan for 
development and use of nuclear energy, announced the 
results of studies by subcommittees which had been 
deliberating specific parts of the plan. The results in 
essence equate to a summary of a new long-term plan, 
which the subpanel will use as a basis for the drafting 
work, mainly by the basic subcommittee, with the goal of 
completion by around the end of June. GEN- 
SHIRYOKU SANGYO SHIMBUN will present summa- 
ries of the studies of the first subcommittee (front end 
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measures concerning LWR use, uranium enrichment, 
etc; safety measures; and public relations) and the second 
subcommittee (nuclear fuel cycle and FBRs) in this 
edition and the third subcommittee (international coop- 
eration and nuclear non-proliferation issues) and the 
fourth subcommittee (nuclear fusion and basic techno- 
logical development) in following editions. 


Promotion of More Safety Research 


Nuclear Energy Backend Measures 


“The current generation, which is receiving the benefits of 
nuclear energy, is responsible for establishing policies for 
safe disposal of radioactive nuclear waste” 


Steady progress will be made on clear delineation of 
responsibilities of the organizations involved in radioac- 
tive waste processing and disposal and on processing and 
disposal policies appropriate to the properties and radio- 
active level of the waste; and a new “cycle waste” concept 
will be established. 


Radioactive waste that accompanies advances in the 
development and use of nuclear energy must be disposed 
of safely and our generation, which is reaping the bene- 
fits of nuclear energy, must actively address the estab- 
lishment of measures for appropriate disposal. 


“Shallow ground burial disposal” of low-level radioac- 
tive waste that is generated by nuclear power plants, but 
effective measures must be developed steadily for waste 
that is generated at nuclear fuel cycle facilities, such as 
those for reprocessing, fuel fabrication and uranium 
enrichment (cycle waste). 


For this reason, the following three points will be used as 
a basis for promoting measures for dealing with radio- 
active waste: 


(1) Division of control in accordance with the multiple 
properties of radioactive waste, and processing and 
disposal in accordance with the division. 


(2) Allocation of roles to be played by the relevant 
organizations and clarification of work on disposal. 


(3) Efforts to gain understanding and cooperation from 
the people. 


The nuclear fuel recycling enterprise, which directly 
creates cycle waste, and the electric power companies, 
which carry out the nuclear power generation of elec- 
tricity that is intimately related to the creation of cycle 
waste, must clarify jurisdiction and disposal responsi- 
bility, and then those responsible for disposal must 
proceed with studies on a timetable, system and funding 
plan for disposal. 


More specific plans for HLW processing and disposal 


The policy for processing and disposal of HLW created 
in the reprocessing of spent nuclear fuel is to vitrify the 
HLW, then carry out “geologic disposal” after a cooling 
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period (around 30 to SO years). The roles to be played by 
the relevant organizations will be confirmed, and then 
geologic disposal will be carried out in accordance with 
the following steps: 


(1) A chief implementer of the disposal will be estab- 
lished with the year 2000 as the goal. 


(2) The chief implementer will select a disposal site with 
concurrence from the local government and residents, 
and the selection will be confirmed by the national 
government. 


(3) At the selected site, the chief implementer will use 
underground facilities to carry out a survey of site 
characteristics and will validate disposal technology and, 
if deemed appropriate, it will apply for approval of 
design of the disposal site and work. 


(4) The national government will make legal and other 
preparations necessary for approval of the disposal plan. 


(5) The goal for starting to operate the disposal site will 
be the 2030s or mid-20¢ Js at the latest. 


Steady work on specific plans for disposal of radioactive 
waste and uranium waste that contain TRU nuclides 


Radioactive waste that contains transuranic (TRU) 
nuclides (generated in reprocessing and MOX fuel fab- 
rication) with low alpha radioactive concentration and 
for which “‘shallow ground burial disposal” is deemed 
possible will be made more specific, such as by studying 
the maximum allowable radioactive concentration. A 
specific concept will be drawn up for disposal of waste 
with a relatively high alpha radioactive concentration 
and for which “geologic disposal other than shallow 
ground burial’’ is deemed appropriate, ensuring consis- 
tency with disposal of HLW. 


Because uranium waste (created during uranium conver- 
sion and fabrication, enrichment, etc.) has a long half- 
life, disposal methods in which control is phased out are 
not realistic, but since most uranium waste has low 
radioactive concentration, it is believed that simple 
disposal methods without phased out control would be 
possible, and this will be made more specific in the 
future. 


Appropriate response for waste returned from abroad 


Radioactive waste created during reprocessing con- 
tracted with overseas entities and that is returned to 
Japan will be handled the same as the same kind of waste 
created in Japan. Furthermore, it is necessary to gain 
international understanding and cooperation for inter- 
national transporting of the returned waste. Towards 
that end, information about the safety of the trans- 
porting will be actively provided and public relations 
activities will be carried out to ensure that the trans- 
porting is safe and smooth. 


Clarify nuclear facility decommissioning policy 
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It is important that nuclear facility decommissioning 
measures be carried out under the responsibility of the 
entity that established the nuclear facility in harmony 
with the society of the region and that safety be given top 
priority. Thus development of the necessary technologies 
will be promoted and various systems will be enhanced. 


In principle, in the decommissioning of commercial 
power generating reactors, dismantling and removal will 
be carried out as soon as possible after shutdown of 
operation. However, judgment of overall circumstances 
will be made in individual cases, such as whether there 
should be a period of control by sealing. 


After decommissioning, it is important that cooperation 
from the society of the region be sought for continuing to 
use the site for nuclear power plants. 


Safeguards Measures 


“Learning from past accidents and problems in Japan and 
abroad, comprehensive preventive maintenance measures 
should be strengthened” 


Ensuring nuclear safety is a major premise governing 
promotion of development and use of nuclear energy in 
Japan 


Building a nuclear safety regime is extremely important, 
including enhancement of nuclear disaster prevention 
measures, promotion of more safety research 


(1) To maintain the safety of nuclear facilities at a high 
level and to further enhance safety, it is important to 
steadily implement measures that are based on experi- 
ence with accidents and problems in nuclear facilities in 
Japan and abroad. 


(2) To enhance safety measures, it is important to 
implement a comprehensive preventive maintenance 
policy that includes incorporation of various standards 
that are based on the latest scientific and technological 
knowledge, reduction of the possibility of human error, 
promotion of research from an ergonomic viewpoint, 
periodic safety reviews, and severe accident countermea- 
sures. 


(3) To enhance nuclear disaster prevention measures, 
efforts will be made to establish a system to support the 
disaster prevention activities of local public entities by 
such means as establishing an information system for 
disaster prevention activity support. 


(4) Safety research will be promoted in the areas of 
nuclear facilities, environmental radioactivity and radio- 
active waste disposal, in accordance with the respective 
annual safety research projects drawn up by the Japan 
Nuclear Safety Commission and studies will be con- 
ducted to evaluate, adjust and utilize the results of 
research. 


LWR Technology Development 


“Problems for the future due to extension of the period in 
which LWRs are the mainstream reactor: Aging reactors, 
development of advanced reactors” 
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(1) LWRs will continue to be the mainstream reactor for 
nuclear power generation in Japan for a long time after 
FBR commercialization. 


(2) The following are the priority items to be addressed 
in the development of LWR technologies: 


¢ Measures to ensure safety when dealing with aging 
reactors. 

¢ Raising the level of safety design, operational control, 
and measures dealing with the human factor. 

¢ Establishing comprehensive equipment control 
methods for efficient operation and maintenance 
during the whole operating period of the plant. 

¢ Advancing LWR technology from a long-term view- 
point (improve burnup, use of MOX in LWRs, new 
siting methods and techniques, etc.). 

¢ Developing highly advanced technologies (LWR of 
the future which incorporates passive safety concepts, 
small-scale reactors, etc.). 


Nuclear Public Relations 


Ensuring and Utilizing Uranium Enrichment 


“Ensuring a stable supply of natural uranium and devel- 
oping a domestic uranium enrichment enterprise are the 
foundation for the use of LWRs” 


(1) Efforts will be made to diversify uranium resources 
(in addition to long-term purchase contracts, participate 
in independent prospecting, mine development, etc.) 
and ensure a stable supply of natural uranium. 


(2) A private Japanese uranium enrichment service (ini- 
tial capacity of 1,500 tons SWU) that will use the 
centrifuge method will be established after the year 2000. 
Then its economic viability will be improved by intro- 
duction of new mate, al and high-performance centri- 
fuges. Scale and timing of further development of 
domestic production will be studied based on interna- 
tional trends and economic viability. 


(3) Development of advanced, new material centrifuge 
and R&D on uranium enrichment with the use of lasers 
(atomic and molecular) will be pursued. 


(4) Recycling of recovered uranium by re-enrichment is 
appropriate, and preparations will be made toward full- 
scale use of recovered uranium. 


(5) To prepare for future use of depleted uranium, plans 
for efficient storage and use will be studied. 


Measures to Promote Understanding of the People 


“Promote dissemination of accurate knowledge and open- 
ness of information, and strengthen measures to promote 
understanding through participation by the people.” 


To respond appropriately to the people's uneasiness about 
the safety of nuclear facilities and their concern about 
radioactive waste disposal methods, it is important to try 
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to gain the people’s understanding by expanding public 
relations measures and promoting openness of informa- 
tion. 


To promote the people’s understanding, it is important 
to promote the following measures, which are backed by 
a consolidation of a broad range of information. 


(1) Actively promote public relations measures through 
dissemination of accurate knowledge and exchanges of 
views in which the people participate. 


(2) Inspire confidence in nuclear power generation by 
measures such as steadily building up a record of safe 
operation of nuclear facilities, openly announcing the 
results of safety research, and expanding environmental 
radioactivity surveys. 


(3) Promote openness of information concerning safety 
of nuclear facilities. 


(4) As a measure aimed at young people, enhance edu- 
cation about energy. 


Measures for Smooth Nuclear Facility Siting 


System for support of nuclear facility siting unified with 
the government 


It is important to develop active measures based on full 
comprehension of circumstances in the siting regions 
and with emphasis on the following: 


(1) Measures to promote understanding in the siting 
regions: carry out “grass roots” type of public relations 
activities; and if necessary, conduct safety verification 
tests in areas surrounding the sites. 


(2) Enhance measures to promote the local economy that 
will link the benefits of a nuclear facility site with 
long-term development of the region. Since siting of 
nuclear facilities is difficult, a local support system 
united with the government should be established, based 
on the type of facility and circumstances of the siting 
region, to carry out active measures (to realize co- 
existence of the local government and residents with the 
nuclear facility, provide active cooperation to promote 
the local economy, such as promotion of the agricultural, 
forestry and fishing industries, promotion of tourism, 
and providing incentives to industry). 


(3) Smooth the way for site acquisition based on aware- 
ness of the importance of promoting development of the 
region in the early stages of siting. 


Deliberation by Second Subcommittee 


94FE0768C Tokyo GENSHIRYOKU SANGYO 
SHIMBUN in Japanese 26 May 94 p 5 


[Text] 


Basic Thiuking 
“Steady advances in nuclear fuel recycling” 
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“Promotion of technological development and fixed level 
of use with a view to full-scale nuclear fuel recycling in the 
future.” 


Importance and significance of nuclear fuel recycling 


(1) Long-term energy security: For resource-poor Japan, 
establishing nuclear fuel recycling is essential. 


(2) Recycling’s contribution to resource and environ- 
mental conservation: By recycling through reprocessing, 
Japan will conserve resources, reduce the burden on the 
environment and provide the proper processing and 
disposal of HLW. 


(3) Addressing international issues: Japan will address 
and contribute to the international issue of building an 
energy system that will stabilize the world’s energy 
supply and demand and will resolutely prevent the 
increase of carbon monoxide. 


Goals when promoting the plan 

(1) Ensure safety 

(2) Peaceful goals 

(3) Consider nuclear non-proliferation 
(4) Improve transparency 

(5) Improve economic viability 

(6) Disclose information 

Proceeding with the plan 


¢ Implementation of nuclear fuel recycling 

¢ Development of technologies toward establishing a 
nuclear fuel recycling system of the future 

¢ R&D on advanced recycling technologies 


(1) For the present, in preparation for a future era of 
full-scale nuclear fuel recycling, a fixed scale of recycling 
with LWRs and ATRs will be realized. 


(2) Steady work will be done on a technological develop- 
ment plan based on designation of the FBR along with 
the LWR, which is currently in commercial use, as the 
mainstream nuclear power generation reactor of the 
future. Now, the breeding aspect will be regarded flex- 
ibly, excluding cases where establishment of technology 
is necessary. 


(3) Reactor and fuel cycle technology development will 
be coordinated. 


(4) The plan will be consistent with the policy of not 
holding excess plutonium. (The plan for a second repro- 
cessing plant will be studied with a view toward the era 
of full-scale nuclear fuel recycling in the future.) 


(5) From the viewpoint of heightening transparency of 
the plan, a plutonium supply and demand forecast will 
be set forth and Japan will play a role in giving concrete 
form to an international framework for regulating pluto- 
nium supply and demand. 
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(6) While giving consideration to reducing the burden on 
the environment and nuclear non-proliferation, and 
from the viewpoint of widening technological options in 
the future, the development of new recycling technology 
incorporating the recycling of actinides will be addressed 
flexibly. 


(7) Active international cooperation and efforts to gain 
general understanding for nuclear fuel recycling will be 
endorsed. 


Technological Development Leading to the Future 


“A scheme for FBR technology will be established to 
enable commercialization by around 2030—for the 
present, no definite decision will be made about breeding.” 


¢ Construction will begin in the first part of the 2000s on 
the nr. 1 demonstration FBR 

¢ R&D will be actively promoted to establish actinide 
recycling, which can reduce the burden on the envi- 
ronment and clearly demonstrates consideration for 
nuclear non-proliferation. 


Steady progress will be made on the FBR technology 
development project, based on making the FBR the prin- 
cipal nuclear power generating reactor, along with the 
LWR, and pursuing a broad range of technological possi- 
bilities. 


FBR 


(1) The goal for the prototype reactor “Monju”’ is full- 
scale operation in 1995. It will be used actively under a 
system of free international access, as the world’s central 
base for FBR development. 


(2) The nr. 1 demonstration reactor (top entry, loop-type 
reactor, approximately 660,000 kw) project will be 
advanced with the goal of starting construction in the 
first part of the 2000s. Innovative technology necessary 
for commercialization will be demonstrated by the nr. |! 
and nr. 2 demonstration reactors. 


(3) A total system with coordination of reactors and fuel 
cycle will be developed, with the goal of establishing a 
technological system that will enable commercialization 
by around 2030. 


(4) The demonstration reactor project of the electric 
power companies and the FBR-specific technologies 
being developed by PNC will be linked and advanced 
under private-public sector cooperation; and the results 
will be adopted as appropriate. 


(5) As for reprocessing technology, the existing MOX 
fuel wet reprocessing technology base will be established 
in the early 2000s at the Recycling Equipment Test 
Facility (RETF). The reprocessing test plant will incor- 
porate the results of R&D on new recycling technology, 
with the goal of beginning operation in the mid-2010s. 


(6) The basic technology for MOX fuel fabrication has 
been established. Henceforth, efforts will be made to 
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Forecast of Japan's Plutonium Suppty and Demand 


Ths amount of cumutadve supply and demans Coes nol mean the amour of pastorsur: tha! 
will be held as stocks in the 1990s or in 20°C Furthermore. al piutormu™ 15 covered Dy IAEA 
safeguards. and it can always be Confirmed thal Ine prutorwum has not be Converted to uses other 


recoverec from spent nuciear fuel from LWRs is 60% to 70% The supply and demand forecast 
given below shows ine amount of ‘issi#e plulonmum by weight 








1 Annual Suppty and Dem and 

a Demand 
Joye. Monyu. Fugen --—--~ approx 0 6 tons/year 
'oum Reprocessing Plant approx 0 4 tons/year 





2 Cornulatve Supply and Demand 





a —— 19%. ond of 1508s 




















Joye Moru. ~ approx 4 tons 
> Cumuabve Domesnc Supply. 9% - end of 1990s 
Tok Reprocessing Plant and Amount 
i: Returned trom Abroad ------~----------—---- —- approx 4 tons 
B 2000 - 2018 
1 Annual Supply and Demands for Latter Half of 2000s 
a Denand 
Mow — ~~. —---—--.~-------~---——-—~--— appro 0.8 tonsiyear 
Demonstration F8A —- --——- approx 0 7 tons/year 
Demonstration ATR ----------- ~~ approx 0 5 tonstyear 
LWR MOX Fuel Use ———-. approx 3 tons/year 
Tow ~~~ approx 5 tons/year 
b Supply 
Rokkasho Reorocessing Pat - ————-—-——--— => approx 4 8 tons/year 
‘oka Reprocessing Plant -—-~--—--————-apprax 0 2 tons/year 
‘ota! 2 sean a approx s tons/year 





2 Currulative Suppty and Demand 





a Cumulatve Domestic Demand. 2000 - 2010 
re Monyu —_ Cenerataten FER 








Demonstration ATR -— approx 15 20 tons 
LWR MOX Fuet Use —--- — approx 20 - 25 tons 
Total eee approx 35 - 45 tons 
» Cumulative Domeste Supply, 7000 - 7010 

Rokkasho and Toka Reprocessing Plats —---—---——- approx 3§ - 45 tons 











* The meaning of approwmately 15 - 20 tons yyw bby dn — Ei 
for Jovo. Monju and other RAD use ph wy bh bapmny = Reprocessing Plant 
down, demand may exceed comesdc supply reende; ten af lanst 15 tore ait be sunpted 
by the plant and the rest well he supplemented by plutonium retumed from abroad 


 Plutontum Recovered by Overseas Reprocessing 
a Cumulative Amount Recovered by 2010 --——-—~ approx 30 tons 
b Demand 


Bascially, fabricated wrto MOX fuel overseas. then transported back to 
Japan and used in LWRs (However, several tons wil be used ‘f there 
is 2 shortage of demesne piutonmum for Joyo, Moryu and other RAD 
use before start of full scale operation of Rokkasho Reprocessing 
Plant ) 


























improve economic viability, reliability and safety 
through advancements such as raising the speed of 
processing. 
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Actinide recycling 


(1) It is important to broaden the range of technological 
options by pursuing the possibility of technologies based 
on FBR technologies that respond to the diverse needs of 
society in the future. 


(2) R&D on actinide recovery and recycling will be 
promoted from the viewpoint of rationalizing waste 
processing and consideration for nuclear non- 
proliferation. 


(3) Research will be promoted on a recycling system that 
uses nitride fuel, metallic fuel, etc. 


(4) Provisionally, active R&D will be conducted by PNC 
and the Japan Atomic Energy Research Institute 
(JAERI). 


(5) Provision of the necessary testing facilities and equip- 
ment will be advanced and the need for an experimental! 
reactor will be studied. 


Promote Domestic and International Understanding for 
Nuclear Fuel Recycling 


“Efforts will be made to disclose information and to 
provide appropriate information, and thereby gain 
domestic and international understanding.” 


Because Japan takes an unwavering stance on nuclear 
non-proliferation through observing the Atomic Energy 
Act, strict adherence to the three non-nuclear principles, 
and accepting IAEA safeguards, it is impossible for Japan 
to possess nuclear weapons; Japan uses nuclear energy 
strictly for peaceful purposes. 


Smooth Implementation of Return Transporting of 
MOX Fuel 


(1) Reactor owners and other concerned parties will 
study a system for smooth implementation of trans- 
porting. 


(2) Specific transport methods will be studied; and close 
cooperation, measures and support from the relevant 
agencies will be provided. 


(3) Appropriate provision of information and public 
relations activities to gain international understanding 
and cooperation. 


Improve Transparency of Nuclear Fuel Recycling Plan 


“Strict adherence to the principle of not holding excess 
plutonium: Japan will not have any more plutonium than 
necessary to achieve the plan.” 
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Ensuring transparency is important, and efforts will be 
made to gain even greater domestic and international 
understar Jing: Clarify the nuclear fuel recycling plan and 
how it wil proceed; proceed with development under a 
system that is opened up internationally. 


A. Plutonium supply and demand forecast: Japan's 
supply and demand of plutonium will be balanced, and 
will be consistent with the principle of not holding excess 
plutonium. 


(1) Plutonium reprocessed domestically 
a. Prior to operation of the Rokkasho Reprocessing Plant 


¢ On a single-year basis, demand will exceed supply. 
¢ On a cumulative supply and demand basis until the 
end of the 1990s, there will be no excess plutonium. 


b. Stage of full-scale operation of Rokkasho Repro- 
cessing Plant 


¢ Balanced on a single-year basis. 
¢ No surplus on a cumulative supply and demand basis 
between 2000 and 2010. 


(2) Plutonium reprocessed overseas 


¢ Basically, plutonium will be fabricated into LWR 
MOxX fuel, then returned for use. 
e Several tons will be used for R&D. 


B. Future Policy 


(1) The recycling plan and its current status will be 
clarified. 


(2) Japan also will play an active role in creating an 
international framework in order to increase transpar- 
ency concerning the use of plutonium. 


Nuclear Fuel Recycling Implementation 


“LWR MOX fuel use will be increased systematically in 
stages from the latter half of the 1990s to 2010, to reach 
a scale of around 10 to 15 reactors.” 


¢ The demonstration ATR will begin operating after the 
year 2000. 

¢ Rokkasho Reprocessing Plant will begin operating 
after the year 2000 (reprocessing capacity and tech- 
nology to be used by the second private sector repro- 
cessing plant will be decided in 2010). 

* Creation of a private sector plant for LWR MOX fuel 
fabrication with under 100 ton per year capacity will 
be promoted after the year 2000. 


A fixed scale of recycling by LWRs and ATRs will be 
realized from the viewpoint of a quasi-domestically 
produced resource playing a role in the supplying of 
energy and of establishing technology leading into the 
era of full-scale nuclear fuel recycling. 


A. Recycling by LWRs: Nuclear fuel recycling by LWRs 
is important from the viewpoint of establishing technol- 
ogies necessary for practical scale nuclear fuel recycling 
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by FBRs and providing the necessary system. It will be 
expanded gradually, from a few PWRs and BWRs in the 
latter half of the 1990s, to about 10 by around the year 
2000, to about 10 to 15 from the year 2000 to 2010. 


B. Recycling by ATRs: The ATR is important because it 
can use plutonium and recovered uranium flexibly and 
efficiently. The demonstration ATR will begin operating 
in the first part of the 2000s. The “Fugen” will continue 
to operate in order to be applied effectively to the 
development of a demonstration reactor. 


C. Spent fuel reprocessing by LWRs 


(1) The principle of reprocessing and recycling spent fuel 
will be strictly observed. 


(2) The Rokkasho Reprocessing Plant will begin oper- 
ating after the year 2000. 


(3) The second reprocessing plant is important because it 
will take on the responsibility, from the LWRs, of 
supplying recycled nuclear fuel in the era of full-scale 
nuclear fuel recycling. Its reprocessing capacity and the 
technologies it will use will be decided around 2010, 
after overall consideration of plutonium supply and 
demand trends, prospects for FBR commercialization, 
and future advances in technological development, such 
as FBR spent fuel reprocessing technology. 


(4) Spent fuel will be stored and controlled appropriately 
until it is reprocessed as an energy resource stock. For 
the present, in principle, spent fue! will continue to be 
stored at power generation plants, but future methods 
will be studied. 


(5) The Tokai Reprocessing Plant will be used for R&D 
after the Rokkasho Reprocessing Plant begins operating. 


D. MOX fuel fabrication: It is important that the con- 
cerned private sector parties, especially the electric 
power companies, determine the chief implementer of a 
private sector LWR MOX fabrication plant. Smooth 
transfer of MOX fuel fabrication technology from PNC 
to private enterprise will be effected. 


Deliberation by Third Subcommittee 


94FE0768D Tokyo GENSHIRYOKU SANGYO 
SHIMBUN in Japanese 2 Jun 94 p 4 


[Text] The subcommittees of JAEC’s experts’ subpanel 
on the long-term plan, which is leading a study of 
revision of the long-term plan on development and use 
of nuclear energy, have concluded their deliberations. A 
summary of the new plan has been firmed up, and the 
work has entered the final stage of preparation for 
compilation at the end of the month. In this edition, 
GENSHIRYOKU SANGYO SHIMBUN presents the 
deliberations of the third subcommittee (international 
cooperation and nuclear non-proliferation issues). 


Response to Nuclear Non-Proliferation Issues 


“As a staunch promoter of the peaceful use of nuclear 
energy, Japan will contribute to maintaining and strength- 
ening the nuclear non-proliferation regime.~ 
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Japan will make efforts toward indefinite extension of the 
NPT, which supports the peaceful use of nuclear energy, 
and toward expanding its universality, and will address 
the problem of concerns about the proliferation of nuclear 
weapons in the former Soviet Union and in unstable 
regions. 


Japan’s promotion of peaceful use of nuclear energy based 
on the NPT 


(1) Japan is one of the countries that has received the 
most IAEA safeguard actions, and as one of the countries 
that does not possess nuclear weapons, Japan will serve 
as an example of the fact that maximum benefit from the 
peaceful use of nuclear energy can be enjoyed under the 
NPT regime. 


(2) It is inconceivable that Japan would develop nuclear 
weapons. That would run completely counter to Japan’s 
policy of avoiding isolation in today’s international 
society, in which mutual dependency is increasing, and 
of pursuing trustworthy, sound development and con- 
tributing to global and regional stability. Until now, 
Japan has adhered strictly to the three non-nuclear 
principles and has promoted the use of nuclear energy 
strictly for peaceful use in accordance with the Atomic 
Energy Act. Now, it will again make clear its intention to 
use nuclear energy for peaceful uses and it will demon- 
strate both domestically and abroad that it does not have 
nuclear weapons technology and that its systems pre- 
clude the possibility of diversion to nuclear weapons. 


Request for support for indefinite extension of the NPT 
and further efforts for nuclear disarmament 


(1) Japan supports indefinite extension of the NPT from 
the viewpoint of ensuring the stability of the nuclear 
non-proliferation regime in the future and smooth pro- 
motion of peaceful use of nuclear energy. 


(2) Indefinite extension of the NPT must not signify the 
perpetuation of the possession of nuclear weapons by the 
coun‘’ries that currently have them. The obligation of 
these countries to make greater efforts to make progress 
in nuclear disarmament has become important, and 
Japan will work on these countries to fulfill this obliga- 
tion. 


(3) Japan will facilitate participation by NPT non- 
signatories and expand the universality of this treaty. 


Response to concerns about nuclear proliferation in the 
former Soviet Union 


(1) As regards denuclearization of the countries of the 
former Soviet Union, dismantling of nuclear weapons 
and the storage and processing of nuclear materials 
created from the dismantling will be the responsibility of 
the countries in question, and the materials will be 
placed under strict international measurement and con- 
trol, based on principle that they will not be used for 
nuclear weapons again. 
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(2) Plutonium that is generated in the dismantling of 
nuclear weapons should be handled appropriately by the 
generating country as a problem of its own making. 
Japan will contribute to the storage, processing and 
peaceful use of this plutonium as part of its support for 
denuclearization and in accordance with Japan’s basic 
policy of “promoting the use of nuclear energy strictly 
for peaceful purposes.” 


(3) Japan will promote international cooperation 
through the “international science and technology 
center,” which was established to provide opportunities 
for R&D with civilian goals to scientists of the former 
Soviet Union who were involved in nuclear and other 
weapons of mass destruction. 


Response to concerns about nuclear proliferation in 


unstable regions 


(1) Japan will seek transparency of nuclear activities by 
Carrying out obligations under the NPT regime in the 
regions in question. 


(2) The IAEA should enhance and strengthen the existing 
safeguards system as necessary, especially its ability to 
detect undeclared nuclear activity, and Japan will con- 
tribute to those efforts. 


Contribution of safeguards to strengthening nuclear non- 
proliferation measures 


Japan will act in concert with international society to 
strengthen and rationalize IAEA safeguards, build a solid 
system for securing nuclear materials and strengthen 
restrictions on exporting of nuclear material and equip- 
ment, and will use its experience and technology in its 
contribution towards these ends. 


“Japan will earn international trust by faithfully carrying 
out its international obligations under the NPT regime 
and self-initiating efforts to ensure nuclear non- 
proliferation.” 


To deal effectively with international concerns about 
Japan's nuclear fuel recycling, it is important to faithfully 
carry out Japan’s responsibilities under the NPT regime, 
self-initiate efforts to ensure nuclear non-proliferation, 
earn international trust and gain broad understanding 
both domestically and abroad. 


In addition to faithful observance of its obligations under 
the NPT regime, Japan will self-initiate efforts toward 
nuclear non-proliferation. 


(1) There are some who have expressed concern about 
the danger of nuclear proliferation from nuclear fuel 
recycling in Japan. Japan’s fundamental way of handling 
this is based on an international framework under the 
existing NPT regime, and to dispel these concerns, it is 
important for Japan to faithfully carry out its obligations 
in this framework. 


(2) To respond further to nuclear proliferation concerns, 
in addition to obligations required by the NPT regime, 
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Japan also will adopt the following policies and make 
efforts to gain international trust: 


¢« Nuclear fuel recycling will be advanced under a 
consistent plan, and the policy of not retaining any 
more plutonium than is needed for the plan will be 
strictly observed. 

¢ Efforts will be made to give concrete form to the 
international framework aimed at increasing trans- 
parency of the nuclear fuel recycling plan. 

¢ New cooperation in the nuclear fuel recycling sector 
with any country other than those with which coop- 
eration already exists will be carried out cautiously, 
after adequate study of that country in terms of 
nuclear non-proliferation, the country’s political and 
economic situation, and technological ranking, and 
after prior coordination with the countries concerned. 

¢ From a long-term viewpoint, Japan will work to 
develop technologies that respond to concerns about 
proliferation or accumulation of plutonium, such as 
plutonium combustion and reprocessing that incorpo- 
rates nuclides with long half-life. 


An active public relations campaign will be carried out to 


promote understanding about Japan's nuclear fuel recy- 
cling. 


(1) To gain understanding based on the true circum- 
stances of nuclear fuel recycling, opportunities for visits 
to the relevant facilities and for mutual dialog will be 
provided extensively abroad to concerned parties, and 
efforts will be made to foster trust through public disclo- 
sure. 


(2) Japan will establish a system for actively transmitting 
information and carrying out public relations activities 
in order to gain understanding for the necessity and the 
safety of the nuclear fuel recycling plan. 


(3) A domestic safeguard measures system will be pre- 
pared to respond to major increases in the amount of 
inspection tasks for startup of operation of large-scale 
reprocessing facilities in Japan. 


(4) To promote full understanding of the importance and 
necessity of safeguard measures, protection of nuclear 
materials and other efforts toward nuclear non- 
proliferation, active public relations efforts concerning 
nuclear non-proliferation, such as presentations on 
Japan's safeguard measures activities, will be made both 
domestically and abroad. 


International Cooperation in the Field of Nuclear 
Energy 


“Japan will contribute to resolving globally shared prob- 


lems through the results of technological development of 
nuclear energy and experience in the use of nuclear 


energy. 


Japan will actively promote international cooperation in 
the field of nuclear energy development and safety that 
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will lead to resolution of global energy problems and 
global environmental problems and international improve- 
ment of nuclear safety. 


Japan has continued to concentrate a great deal of effort 
in technological development concerning nuclear energy. 
and the results of basic research and technological devel- 
opment that have been gleaned thus far will be trans- 
mitted in order to resolve global energy and environ- 
mental problems. Also, bilateral and multilateral policy 
dialogs will be pursued in order to deal with shared 
problems that should be handled under international 
cooperation. 


Promoting cooperation in the nuclear energy development 
sector 


(1) The current international environment is harsh 
toward Japan, which is pursuing nuclear fuel recycling, 
and in order for Japan to play an important role inter- 
nationally as a country with advanced technology in the 
nuclear energy field, it is essential that Japan take the 
long-term view and continue technological development 
of nuclear fuel recycling. Japan will advance this tech- 
nological development by cooperating with advanced 
countries that have conducted R&D in this field for 
many years and have accumulated a substantial amount 
of technology. At that time, R&D facilities such as the 
prototype FBR “Monju” will be used as internationally 
shared facilities. 


(2) Japan will promote cooperation to resolve shared 
technological problems concerning backend counter- 
measures. 


(3) Japan will provide cooperation in advanced R&D in 
the nuclear energy field by using large-scale accelerators 
and other superior facilities both in Japan and overseas 
to carry out joint international R&D that utilizes Japan's 
knowledge. 


Promotion of cooperation in the nuclear energy safety field 


(1) Japan has a wealth of experience in the use of LWR 
and nuclear fuel recycling facilities, and will always be 
responsive to global nuclear safety problems, display 
initiative in gathering data, analyzing and assessing 
accidents and problems and contribute to improving 
nuclear safety by cooperating actively in their resolution. 


(2) With regard to support for nuclear safety in the 
former Soviet Union and Central and Eastern Europe, 
Japan will contribute to improving the safety culture of 
these regions by steadily implementing measures that 
involve improving existing technology and by providing 
training opportunities and regulatory information. 


“Japan will promote cooperation with developing coun- 
tries in the neighboring Asian region.” 


Cooperation with developing countries of the neighboring 
Asian region will be based on Japan's technology accu- 
mulation and experience. It will be advanced on a long- 
term continuing basis, in forms that respond to the 
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requests and circumstances of each country. It will empha- 
size basic preparation and ensuring safety and will be 
linked with support for self-help efforts by these countries. 
Japan will use its technological accumulation and expe- 
rience and seek to resolve common problems within the 
neighboring Asian region, with which Japan has very 
close geographical and historical connections as well as 
deep political and economic ties, and will respond care- 
fully to the requests of individual countries. 


The government, government-related institutions and the 
private sector will promote cooperation with the devel- 
oping countries in the neighboring Asian region, in 
keeping with their respective roles. 


(1) Cooperation commensurate with the role of the 
government: 


* cooperation that takes a long-term viewpoint and 
tackles both systemic and technical problems and 
places emphasis on preparing research and technolog- 
ial bases. 

¢« Cooperation will be carried out that emphasizes per- 
sonnel training for nuclear regulatory system manage- 
ment and other means to ensure safety systems. 

¢ Bilateral and multilateral cooperation will be effec- 
tively combined and systemic cooperation involving 
assurance of safety and research support will be 
studied. 

¢ With regard Japan’s supplying of nuclear materials, 
Japan will work to provide measures needed to guar- 
antee the peaceful use of nuclear energy, such as the 
conclusion of bilateral nuclear energy cooperation 
agreements, that are commensurate with progress in 
private sector cooperation. 

¢ Acomprehensive approach will be studied which will 
be based on the current status of the nuclear industry, 
requests from the other countries, tie-ups with other 
supplier countries, etc. 

* Cooperation in the transfer of nuclear materials will 
be handled with full consideration of nuclear non- 
proliferation. 


(2) Cooperation commensurate with the role of govern- 
ment related institutions: 


¢ Efforts will be made to increase the quality and 
quantity of research exchange in the government 
related institutions, and a system for research 
exchange will be advanced. 

¢ The environment and foundation for smooth imple- 
mentation of cooperation between domestic 
researchers and the developing countries will be pro- 
vided and the idea of conducting legal reviews as 
needed also will be studied. 


(3) Cooperation commensurate with the role of the 
private sector: 
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* Japan will contribute to cooperation to nurture and 
train technicians and operation controllers, and will 
contribute to preparatory activities such as project 
drafting and public acceptance. 


“Japan will play a major role in the activities of interna- 
tional organizations.” 


From the viewpoint of resolving common international 
problems concerning the peaceful use of nuclear energy, 
shaping international consensus and promoting efficient 
international cooperation projects, more cooperation will be 
provided to the IAEA and the Nuclear Energy Agency 
(NEA) of the Organization for Economic Cooperation and 
Development (OECD). 


Deliberation by Fourth Subcommittee 
94FE0768E Tokyo GENSHIRYOKU SANGYO 
SHIMBUN in Japanese 9 Jun 94 p 6 


[Text] 


Basic Thinking C Nuclear RAD: Comprehensive 
Promotion from Basic te Applied Research 


Giving consideration to harmony between society and the 
environment, Japan will continue and expand R&D with 
the goal of maximizing the possibilities of nuclear power as 
an energy source. Also, nuclear R&D will be given the status 
of comprehensive S&T, not just as a production of energy, 
and will be promoted as a whole from basic to applied 
research. This will ensure energy supply and advance the use 
of radiation and beyond that, efforts will be made to 
promote S&T as a whole aimed at realizing a more affluent 
standard of living for the people. The results of R&D will be 
used as an important common asset, not only for Japan but 
for the whole world. 


Specific Measures for Promoting R&D 


“The emphasis of RAD will be to develop diverse nuclear 
technologies and strengthen basic research.” 


R&D on nuclear energy production and use 


R&D will be promoted comprehensively concerning diver- 
sification of nuclear energy use, such as nuclear ship R&D, 
testing and research on high-temperature engineering, 
nuclear energy production systems such as nuclear reactors 
that incorporate new concepts, and nuclear fuel cycle sys- 
tems. In R&D promotion, general consideration will be 
given to “improving safety,” “producing energy,” “produc- 
ing fuel” and “annihilation of radioactive substances.” 
Also, a standing experts subpanel will be established in 
the JAEC to continue studying the exact procedures for 
a new nuclear energy production and utilization system 
built around nuclear reactors. 








This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 














24 Nuclear Technologies 


Basic research and development of fundamental technologies 


Comprehensive development of nuclear energy will be 
supported and basic research harking back to funda- 
mental principles and phenomena as well as basic tech- 
nological development that will stimulate progress in the 
development oi new technologies of the future will be 
promoted with the aim of making contributions to 
comprehensive S&T. Priority sectors of basic technolog- 
ical development will be: the effect of radiobiological use 
of beams; materials and technologies for nuclear energy 
use; software-based S&T, and computational S&T. 


R&D concerning radiation 


Japan will promote advanced R&D with new beams that 
use the large-scale radiation facility and other accelera- 
tors, conduct R&D on technologies for radiation use in 
the fields of environmental protection and medicine, 
with emphasis on the position of the inhabitants, and 
promote dissemination of the knowledge resulting from 
this R&D. 


Further, R&D will be advanced on the overall effect of 
radiation on the bioenvironment, especially research on 
the bio-effect of low dosage radiation and various types 
of radiation that become relevant in the expansion of 
human activity in space. 


Nuclear fusion R&D 


The goal of R&D will ve the development of experi- 
mental reactors leading to fusion reactors with auto- 
ignition and sustained combustion capability and 
forming the base for engineering technologies needed to 
build a prototype fusion reactor. Also, a broad range of 
international cooperation will be studied, including the 
international thermonuclear fusion experimental reactor 
(ITER). 


Cooperation will be strengthened among industry, govern- 
ment and academia, especially with the universities, to 
provide a foundation and system for research 


Closer ties among industry, government and academia in 
various S&T sectors is important, and exchange of 
researchers and common use of equipment will be pro- 
moted. Provision of joint research centers will be pro- 
moted, especially to strengthen cooperation between the 
universities and government-sponsored institutions. 
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Provision of foundation and system for research 


The government will provide, in a systematic manner, 
large-scale and advanced equipment (such as large-scale 
accelerators, high-performance research reactors, etc.), 
and will promote shared use of this equipment. With 
regard to JAERI, et al., core research facilities that have 
excellent staff, excellent research equipment and a full 
support system will be nurtured, then provided. 


Training and Ensuring Personnel 


Training and guaranteeing nuclear energy personnel will 
be addressed continuously from a long-term viewpoint. 


It is important that the training and guaranteeing of 
nuclear energy personnel be addressed from a long range 
view. In that endeavor, an important secondary aspect is 
that young people be challenged by the new possibilities 
for nuclear energy and have dreams and hopes. Towards 
that end, efforts will be made to enhance and increase 
activities to disseminate knowledge about nuclear 
energy, such as ensuring and enhancing opportunities for 
young people to learn about nuclear and other forms of 
energy. Additionally, in the early stages of formal edu- 
cation, teaching based on study guidelines that provide 
appropriate guidance on nuclear and other forms of 
energy is also desirable. 


Cooperation between the universities and government 
institutions in the area of personnel training will be 
strengthened, and efforts will be made to nurture an 
international staff. 


Nuclear energy related training will be enhanced and 
strengthened, while responding with flexibility to 
requirements, and provision of a comprehensive training 
system will be promoted. 


Dissemination of research results and promotion of 
understan: ing 


Successes in nuclear energy research contribute to the 
advancement of S&T as a whole, and they will be 
actively dispersed to other sectors. Furthermore, it is 
important that nuclear energy R&D be promoted with 
the understanding that it contributes to the broad field of 
improvement of the quality of life and to solving global 
scale problems such as natural resources and environ- 
mental problems. 
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RIKEN Plans Construction of New Heavy Ion 
Accelerator 


94FE0801A Tokyo NIHON KEIZAI SHIMBUN in 
Japanese 18 Jun 94 p 12 


[Text] The Institute of Physical and Chemical Research 
(RIKEN) (Akihito Arima, Director) has brought together 
the “RI Beam Factory Project,” in which various types 
of radio isotopes (RI) are converted into powerful beams 
and used in various kinds of basic research, such as 
investigating how elements were formed at the birth of 
the universe. It will make use of a newly built high 
performance accelerator, and the goal is for completion 
in this century. Wide applications, such as artificial 
creation of new elements that do not exist on Earth and 
beam exposure treatments of cancers while confirming 
their positions deep within the body, are expected. 


Up to now, RIKEN has been making progress in research 
in which charged particles are accelerated in a heavy ion 
accelerator, the RI generated when these hit targets is 
formed into a high-speed beam and then used. This 
project takes the form of a connection with the existing 
accelerator “Ring Cyclotron” in Wakoshi, Saitama Pre- 
fecture, and it calls for the building of a new type of 
accelerator and making a leap in research possibilities. 


The diameter of the new accelerator is approximately 
15m, and it uses a superconductor coil. The maximum 
magnetic flux, which indicates performance, is approxi- 
mately three times that of existing facilities at five tesla 
(tesla being the unit of intensity of magnetic fields). In 
the construction, the length of the double ring for using 
the RI beams that are extracted will be an approximately 
70m. The plan is for beginning construction at an early 
date, and the construction funding is seen to be several 
tens of billions of yen. 


Not only will the double ring set up head-on collisions of 
beams travelling in opposite directions, but also a system 
for bringing beams travelling in the same direction close 
together and making contact with each other will be 
introduced. This is because, it is effective to keep the 
collision energy low and carry out operations for “nest- 
ling them close together,” for creating a good fusion of 
atomic nuclei. 


With this system, there is the possibility of creating a 
“super heavy element” with a very large atomic weight 
by, for example, putting together two uranium nuclei. 
With the current ring cyclotron, RIKEN has been suc- 
cessful in creating helium with an atomic weight of 10, 
but using the new cyclotron, there is a large possibility 
for creating atomic nuclei with very high neutron num- 
bers using elements heavier than helium. 


In addition, much attention is being given to the cancer 
treatments that make use of heavy 1on beams, which the 
National Institute of Radiological Sciences of the Sci- 
ence and Technology Agency will begin soon, but a new 
form of radiological treatment in which minute expo- 
sures are made while the exposure position is confirmed 
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is possible using detection of the gamma rays from the 
position of exposure, if RI beams are used. 


RIKEN Develops New Grinding Technology 
Using Electrolytic In-Process Dressing System 


94FE0801B Tokyo NIKKAN KOGYO SHIMBUN in 
Japanese 17 Jun 94 p 6 


[Text] The research group of Sei Mori et al. of the 
Materials Engineering Laboratory of the Institute of 
Physical and Chemical Research (RIKEN) (Akihito 
Arima, Director), jointly with Nihon Pira Kogyo (Kyo- 
hisa Iwanami, President), has developed a high precision 
mirror surface grinding system that is an application of 
electrolytic in-process dressing (ELID), and using this for 
processing CVD-SiC mirrors, the demand for which is 
predicted to increase from here on, it has been confirmed 
that the work time can be reduced to less than one tenth 
that of conventional polishing methods. In addition to 
ELID, which RIKEN developed six years ago and has 
made practical for flat surface processing and cylindrical 
surface processing, this system includes a high precision 
aspherical surface processor and laser positioning tech- 
nology, so it is a system for processing and forming both 
surface roughness and shape simultaneously. 


In tests, it was confirmed that a mirror with a diameter 
of 200mm could be processed in several hours. Since 
aspherical optical elements can be processed in a short 
time by grinding rather than polishing, there are expec- 
tations for an efficient production system for the future. 


Up to now the production of aspherical optical elements 
was carried out using polishing processes, but efforts 
over long periods of time were necessary for the preci- 
sion finishing of surface roughness and shape. 


ELID is a grinding method in which the metal com- 
pound diamond abrasive material of the grinding surface 
is removed to the desired degree during processing using 
electrolysis, and the diamond abrasive is always exposed 
at the tip while it maintains its sharpness. Up to now, the 
shapes that could be processed, such as flat surfaces, 
were limited, but this time it has become possible to 
apply it to the production of CVD-SiC mirrors. 


These mirrors are produced by forming a fine SiC film 
on the surface of a ceramic base using CVD and pol- 
ishing that film with fine precision, but along with 
discovering the optimal ELID conditions, such as elec- 
trolytic dressing speed, for the processing, fine metal 
particles were used in the binder, and processing tech- 
nology that makes use of the systemization of the pro- 
cessor and laser positioning technology was developed. 


In the experiments, when various diameter diamond 
grinders, from 2-5Oum, were used and materials with a 
surface roughness of 400nm were processed, processing 
was completed within an hour for all, and within three 
hours a roughness of 4nm and a shape precision within 
0.15pm was achieved. 
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If superpolishing technology is used in the final pro- 
cessing, the outlook is for achieving flatness with a 
roughness of two atoms in 13 hours. 


Nagoya University Develops New Laser 
Technology for Manufacture of Micromachines 


94FE0806B Tokyo NIKKAN KOGYO SHIMBUN in 
Japanese 2 Jun 94 p 5 


[Text] Katsumi Yamaguchi et al. of Nagoya University 
have developed technology for making very small mold- 
ings and parts on the micron order by exposing photo- 
sensitive plastic, which hardens when struck by light, to 
laser beams. The main feature is extremely thin hard- 
ening using ultraviolet lasers with short wavelengths, and 
using a stage that moves up and down in a liquid, the 
thickness is increased by repeated applications of plastic 
and exposure, so a solid product is obtained. It is 
receiving attention as a new method for making high- 
precision micromachine parts and the like. 


Photosensitive plastics are normally in liquid form, and 
when they are exposed to light, only the areas that are 
struck harden. The areas that are not struck by light are 
easily washed away. The plastic plates used for news- 
paper printing are made using light exposure through a 
photographic film that contains a full page of articles. 
Yamaguchi et al. have taken this photosensitive plastic 
and developed a method for making solid microparts 
using laser beam scansion. 


Light is refracted, absorbed and diffracted in liquids, so 
it is difficult to obtain precision of walls in the direction 
of thickness, and there is the idea that it is difficult to 
make small things. Thus, Yamaguchi et al. solved the 
problem by using a method of layering while hardening 
in thin films using ultraviolet lasers. The reason ultravi- 
olet lasers were used is that the wavelength is short, and 
the shorter the wavelength of the light is the thinner the 
hardened layer. It was confirmed that a precision of lum 
was obtained with ten repetitions, and prototypes of 
gears and the like in 20pm sizes were made successfully. 


Plastic application was an arrangement in which a stage 
in the liquid was lowered a little for each time. There 
were two methods for light exposure, the method of 
exposure through a transcription film and the method of 
narrowing the beam and scanning, and it is possible to 
make large numbers at one time with the transcription 
method. The beam scansion method is appropriate for 
the production of complex 3-D shapes. Besides plastic 
parts, the major merit of this method is being able to 
make castings for making metal parts. The processing 
methods applied in the lithography methods used in 
microprocessing for semiconductors use silicon as a 
material, and with a comparable thickness on the micron 
order, there is a greater selection of materials, and the 
size and shape can be controlled freely. There are expec- 
tations for applications as a new method for microma- 
chines. 
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Future Prospects for Use of Synchrotron 
Radiation for Semiconductor Processing 


94FE0712A Tokyo BULLETIN OF THE 
ELECTROTECHNICAL LAB in Japanese Vol 58 
No 3, Mar 94 pp 1-13 


[Article by Hiroyuki Oyanagi] 


[Text] Present status of and future prospects for research 
on semiconductors using high-brilliance photon sources 
are reviewed. Surface-selective excitation and fluores- 
cence detection with energy analyzing capabilities 
allowed one to study the local structure with better 
surface sensitivity than 0.1 ML (monolayer) in a hard 
X-ray region which is intrinsically non-surface-sensitive. 
Combining the intense beam from a multipole wiggler 
and a high density solid state detector, it is now possible 
to study the mechanism of growth in situ. Studies on the 
Ge overlayers epitaxially grown on Si(001) demonstrated 
that the Ge dimers are characterized by a unique rear- 
rangement of atoms as a result of surface strain. Appli- 
cations to hetero-interfaces and superlattices are 
reviewed. Future prospects for the technique using third- 
generation synchrotron radiation are also discussed. 


1. Introduction 


Over biological matter that constitutes electron trans- 
mission systems and, at the same time, makes decisions 
on its own to do coordinating work that is suitable to 
changes in the environment, solid elements have being 
given more differentiated functions and made more 
sophisticated, but we are now beginning to see the future 
limitations of these in terms of speed and integration 
level. For the new possibilities facing us as we look 
toward the 2Ist century, we need not simply material 
fabrication technologies, but seem to be entering an era 
when we should consider conceptual transitions that aim 
at functional complexes and coordination. Now, fully 
cognizant of this situation, there are two currents rushing 
forcefully along, namely that of ultimate process tech- 
nology on a nanoscale for existing semiconductor mate- 
rials, and the creation of new materials through struc- 
tural control on an atomic scale. The latter, namely the 
creation of new function by controlling atomic arrange- 
ments, involves searching for new phenomena by recon- 
stituting atomic types and arrangements. This we might 
call the “‘genetic engineering” approach. When we deal 
with various atoms, we need techniques for selecting 
certain atoms, investigating the surrounding atomic 
arrangement, and freely rearranging all this. XAFS (X- 
ray absorption fine structure) is a powerful technique for 
analyzing micro-level, local structures, contrasting to the 
macro-level, average structural analysis techniques pro- 
vided by X-ray and particle beam analysis. 


The ability of XAFS to identify and select specific atoms 
is a characteristic unavailable in any other procedure, 
and it really proves its worth with complex or dilute 
systems which are difficult to handle with average struc- 
ture techniques. For example, with surfaces, interfaces, 
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metal proteins, and enzymes, what is essentially impor- 
tant, in order to discover physical properties and func- 
tions, is to elucidate the correlation between specific 
atomic species and their surrounding atomic arrange- 
ments and electronic states, not treating them as average 
collections of atoms. Research on dilute systems using 
XAFS has been avidly pursued using second-generation 
storage rings, but more recently it has become possible to 
make applications to surfaces where had been thought 
very difficult in hard X-ray regions. In addition, in what 
might be called generation 2.5 based on insertion light 
sources, “‘on-site’’ measurements are being attempted on 
surface structures and initial growth processes using 
high-brilliance light sources.' In this article we focus on 
the ability of XAFS to identify atomic species, and 
report on the results of applications of a new surface- 
sensitive XAFS procedure on GaAs on Si(001), GeSi 
superlattices, and Ge atomic layers on Si.?“* We show the 
effectiveness of this procedure in evaluating structures at 
the atomic layer, and particularly in elucidating growth 
mechanisms. Finally we discuss the possibilities of third- 
generation XAFS. 


2. Surface-Sensitive XAFS Defined 


Up until now, surface XAFS has generally implied a 
procedure based on electron yield.° In point of fact, this 
method has been used successfully in providing much 
knowledge on the adsorption states of such light ele- 
ments as S and Cl which have absorption edges in the 
soft X-ray region. Unfortunately, however, this method 
is useless for elements heavier than Ca which have 
absorption edges in the hard X-ray region. In the hard 
X-ray region, X-ray penetration distances are on the 
order of several microns, so the signals actually obtained 
for the surface are not more than from 10% to 10°> of the 
whole. However, since the refractive index for X-rays is 
smaller than 1, by however slight an amount, if we 
irradiate the sample with an X-ray beam at a minute 
angle of incidence, total reflection occurs below the 
critical angle, making it possible to select surface infor- 
mation (Figure 1).° In this figure, the solid lines are 
incident X-rays, the dashed lines are photoelectrons, and 
the wavy lines indicate fluorescence X-rays that are 
emitted with the return to ground state. The photoelec- 
tron waves that are released from the absorption atoms 
(1) are scattered by the surrounding atoms (2) so that 
they interfere with the waves going directly out and 
thereby produce XAFS. 


The fluorescence X-ray detection method is a highly 
sensitive measurement technique, but it is not sensitive 
to surfaces in the hard X-ray region. The reason for this 
lies in the fact that the excitation X-ray penetration 
distance is about the same as the fluorescence X-ray 
escape depth. Meanwhile, under conditions of total 
reflection, the penetration distance is sharply reduced, 
making it possible to selectively excite the surface.° In 
surfaces where more than one atomic species is present, 
we must not only know the spatial arrangement of the 
atoms, but must also specify the atomic species and 
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Figure 1. Surface-Sensitive XAFS. Only the subsurface 
region is excited by X-rays within a total reflection 
regime. Fluorescence X-ray yield is monitored as a func- 
tion of photon energy to record XAFS. 





ascertain its how it is placed. Using EXAFS, we can 
select specific atoms even in complex compositions, and 
use these as probes to learn of the atomic arrangement. 
This method has several advantages. First of all, surface 
XAFS measurement is possible for almost all atoms. 
Secondly, standardization is simple compared to the 
electron yield method. And thirdly, one does not neces- 
sarily have to have an ultra-high vacuum, so this method 
can be applied also to molecular beams and to epitaxial 
growth processes using the gas decomposition method. 


3. Equipment, High-Brilliance Beam Lines 


When we combine the polarized light of synchrotron 
radiation with conditions of total reflection, we can 
obtain structural information on a surface in an even 
more specific direction. When the specimen is posi- 
tioned horizontally or vertically, with XAFS we obtain a 
radius vector distribution that is either parallel or per- 
pendicular to the surface. With X-ray diffraction, how- 
ever, conversely, we obtain an atomic density that is 
projected on a two-dimensional surface and an atomic 
correlation that is in a direction perpendicular thereto 
(Figure 2). If we us a common mechanism for irradiating 
the specimen with X-rays at a minute angle, these 
experiments can be conducted simultaneously in the 
same chamber. With surface structure complex analysis 
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Figure 2. Experimental Setup for Surface-Sensitive XAFS. Monochromatized X-ray beam irradiates samples with the 
electrical field vector perpendicular (left) or parallel (right) to the surface. 





equipment, by placing the X-ray detector axis around the 
specimen axis, it becomes possible to examine the sur- 
face structure both from a close and from a far distance.’ 


If we use a semiconductor detector having good energy 
resolving power, by measuring only the fluorescence 
X-rays, we can eliminate background scattering, and so, 
in principle, obtain a surface sensitivity of about | 
atomic layer (ML).* However, since the strength is not 
sufficient, roughly half a day is needed for the measure- 
ment, and so we are here still quite far from any 
practicable level. By simultaneously using a high- 
brilliance beam based on an insertion light source and 
raising the efficiency of the detector, we can multiply the 
incident beam and the fluorescent light yield and thus 
sharply improve the measurement efficiency. The multi- 
pole wiggler used as the insertion light source has an 
array of non-superconducting magnets in it. It causes 
localized undulations in the electron tracks, so that a 
high-brilliance X-ray beam os obtained by the superim- 
position of the synchrotron radiation produced from the 
respective magnetic poles. With a 27-pole wiggler, a 
monochrome beam can be obtained that is actually more 
than 15 times stronger than conventional synchrotron 
radiation. Furthermore, by combining this with a semi- 
conductor multi-element detector, we improved the 
detection efficiency of surface XAFS by a factor greater 
than 100. Thanks to this, we surpassed the previous 
barrier and were able to measure a spectrum down to 0.1 
ML in a tenth of the time.'’’ 


The significant thing about the high-brilliance beam line 
(Figure 3) developed is the fact that with it we can stably 
obtain a wide X-ray over a wide energy range (4-30 keV) 
with high brilliance and good energy monochromatiza- 
tion. Compared to conventional synchrotron radiation, 
the brilliance at 9 keV and maximum magnetic field of 
1.5 T is several tens of times higher. In Figure 4 the 


brilliance of the 27-pole wiggler used as the light source 
is compared to conventional synchrotron radiation. On 
the other hand, the total power of approximately 5.5 kW 
that is released (when the storage ring current is 350 mA) 
is concentrated in a limited space, approximately 5 mrad 
in the horizontal and 0.2 mrad in the vertical direction. 
The biggest problem with the high-brilliance beam line is 
that the light-refracting crystals change shape under the 
heat load, so that a good-quality monochrome beam 
cannot be obtained. The thermal deformation of the 
crystal surface results in a loss of both monochrome 
X-ray beam quality (energy resolution) and beam 
strength. We conducted R&D in which we attached 
cooling fins to the back surface of the crystals and cooled 
the primary crystal directly with water. By directly 
machining cooling channels on the back side of the 
silicon block used in cutting the light-refracting crystals 
from a silicon monocrystal, experimenting with high- 
efficiency water cooling, and optimizing the shape of the 
cooling fins, we obtained beam having roughly 15 times 
higher brilliance than a conventional synchrotron radia- 
tion beam.':’ 


4. Consequences of High-Brilliance Synchrotron 
Radiation 


As an example of a surface-sensitive XAFS spectrum 
based on a high-brilliance beam, after causing AsH, gas 
to flow over an InP(100) surface for approximately 0.5 
second. Then, the As K-fluorescence yield spectrum was 
measured, causing an InP layer to grow. This is plotted 
in Figure 5. Quantifying the As atoms on the surface 
from the fluorescence yield we get up to 0.1 ML. In view 
of the fact that higher energy regions than the K absorp- 
tion edge have an extremely high S/N ratio, it is demon- 
strated that this procedure has sub-monolayer sensi- 
tivity. 
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Figure 3. Optics for a High-Brilliance Beam Line Using a 27-Pole Wiggler Magnet Designed for Surface-Sensitive 
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Analyzing these data further, we found that the As atoms 
were bonded with the In atoms, that is, that they 
occupied the P atom sites.? This indicates that the AsH, 
gas provided by the P atoms on the InP final surface 
decomposes, and that As atoms are exchanged for P 
atoms on the surface. In Figure 6 we have compared the 
EXAFS oscillations obtained by standardizing these data 
against the data on the InAs crystals and minute 
amounts of As atoms doped in the InP. The energy 
dependency of the diffusability differs with the type of 
diffused atom, so we can identify the atomic species. In 
this example, the oscillation profile indicates that the 
diffused atoms are in every case In atoms. EXAFS has a 
2 kR oscillation relative to the bonding distance R. In 
actuality, the bonding distance R is determined for a 
number of atomic pairs so as to duplicate the data 
simultaneously with the atomic species and coordination 
number. The absolute error in this case is usually 
approximately 0.005 angstrom (0.2%), but the relative 
error can also be made about 0.1%. Next we grow InAs 
layers, to various thicknesses, and with different lattice 
constants, on InP(001), and examine the degree to which 
the bond lengths are relaxed relative to the film 
thickness. '° This is diagrammed in Figure 7. In this case, 
an InP layer of approximately 20 angstroms is further 
grown in order to protect the surface, so the whole 
becomes an ABA structure with the InAs layer sand- 
wiched between InP layers. Until now, with epitaxial 
growth in irregular lattice systems, up to the initially 
specified thickness (critical film thickness), atoms are 
displaced in the vertical direction relative to the sub- 
strate, and lattice regularity in the plane is preserved, for 
which reason two-dimensional growth occurs, or so it has 
been thought. Based on electron beam diffraction, the 
lattice constant in the plane during growth is very rapidly 
relaxed due to the introduction of misfit transitions at 
the critical film thickness, and is thought to enter a 
three-dimensional growth mode.'' However, as is evi- 
dent from Figure 7, when we look at the intermediate 
layer relaxation on the micro scale of bond length, we see 
that such relaxation progresses rather sluggishly. This 
suggests that the transitions proceed slowly from the 
vicinity of the growth surface. What is even more impor- 
tant is the fact that film thickness dependence is 
unknown even if the intermediate layer composition is 
made the mixed crystal InAsP and the lattice constant 
irregularity is reduced by half. This indicates that relax- 
ation or transition induction is governed by localized 
strain, independent of such macro averages as the lattice 
constant. This clearly points to the importance of the 
micro perspective. 


5. Initial Process in MBE Growth of GaAs on Si(100) 


Next we discuss the results of using this method to 
investigate the changes in initial growth structures with 
the molecular beam epitaxy (MBE) procedure. The key is 
hidden in the initial process that influences the MBE 
growth of GaAs on Si(001). For example, we can point to 
the fact that the symmetry of surface rearrangements 
differs by 90 degrees between high temperature and low 
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temperature, and to the fact that it is possible to grow 
GaAs with little transition using low-temperature 
growth, but the reasons cannot be found. This being so, 
we used surface-sensitive EXAFS to examine the 
changes in local structures of Ga atoms when the sub- 
strate temperature was varied. In Figure 8 are plotted the 
Ga K-EXAFS Fourier transforms with one molecular 
layer growths, under conditions of low-temperature 
(300°C) As growth, high-temperature (600°C) As growth, 
and no first layer As growth.'* A closest proximity 
atomic peak for Ga atoms in the vicinity of up to 2 
angstroms is seen to be very prominent in the figure 
under high-temperature As growth, but under low- 
temperature As growth or no first layer As growth, the 
strength of this peak weakens, and we know that the 
bond distance has increased. It is clear from the results of 
EXAFS profile analysis that, in the cases of low- 
temperature As growth and no As growth, Ga atoms do 
not bond with As atoms, but do bond with Si atoms. 


The peculiar characteristic of low-temperature As 
growth specimens is, as indicated in the figure, is that 
only a long Ga-Si bond is observed in the first layer Ga 
atoms, with no Ga-As bonds present. Also, the local 
structure of the Ga atoms is almost the same as in 
samples in which Ga is grown first (although the rear- 
rangement symmetry differs). It is predicted that the 
Ga-Si bond is abnormally long, and that structural 

regularity is very considerable. For example, it may be 
« rather weak bond as we have in the Ga-Si distance 
adsorbed at the H sites on Si(111).'* One of the charac- 
teristics of high-temperature As growth specimens is that 
a strong Ga-As bond is observed in the first layer Ga 
atoms. This Ga-As distance is almost completely close 
[sic] to that of bulk GaAs. In high-temperature As growth 
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specimens, bond length relaxation in the Ga-As bond 
occurs completely at | ML. This finding agrees well with 
the results of electron beam diffraction.'* In the case of 
low-temperature As growth, weak Ga-Si bonds are pre- 
dominant at the GaAs/Si interface, and no Ga-As bonds 
are found in the first layer Ga. This means that the first 
layer Ga atoms bond directly with Si atoms but do not 
bond with the As atoms in the GaAs growth layer. With 
a Ga intermediate layer being formed, it is thought that 
the structural instability caused by the interface elec- 
trical field is relaxed, so that normal two-dimensional 
growth becomes possible.'° On the other hand, with 
high-temperature As growth, Ga-As bonds characteristic 
of three-dimensional growth are present in the first layer 
Ga. With high-temperature As growth, the first layer As 
forms strong bonds with the Si atoms, so that the effects 
of the interface electric field are strongly felt, and it is 
believed that the GaAs layer begins three-dimensional 
growth as a GaAs layer which does not bond with the Si 
layer. In the final analysis, the conclusion that the results 
of low-temperature As growth and Ga growth are the 
same indicates (1) t).at initial GaAs growth wherein the 
growth is dominated by Ga is important, and (2) that 
electric fields at the interface exert a strong influence on 
growth. 


6. GeSi Superlattices 


GeSi superlattices are being given much attention 
because they exhibit new optical characteristics not seen 
in Ge-Si mixed crystals of corresponding composition. '* 
In particular, opinion is divided on whether the charac- 
teristically strong optical transition (0.8 eV) observed in 
Ge,Si, superlattices is direct or indirect transition, 
although to date more experiments have favored the 
direct transition view, but, nevertheless, we also know of 
photoelectric current experiments where the indirect 
type is the basis.'°'’ The results of a number of band 
calculations have been reported, but we still have no 
determinative knowledge concerning the electronic 
structure. Almost all of the band calculation results give 
us an indirect transition for the minimum energy optical 
transition from the I’ point to the A minimum, but the 
strong optical absorption cannot be explained with indi- 
rect transitions.'*?* With the structures that underlie 
these band calculations, in every case the lattice is 
regular in the surface, and lattice constant irregularity 
(4%) is mainly eliminated by the elastic deformation (in 
micro terms the bond angle) in the Ge atom layer. We 
know that in Ge atoms the A point energy of the 
Brillouin zone is extremely sensitive to strain. On the 
other hand, in models where the Ge atomic layer takes 
the same bond distance as in bulk crystals, the conduc- 
tion zone I’ point energy drops, and is thought to form 
the direct type.?*?4 


As represented in Figure 9, the A minimum energy is 
sensitive to strain, so we must give consideration to the 
micro structures in the superlattice structure, and partic- 
ularly to the fact that strain near the interface has a 
strong effect, but neither can we disregard the effect of 
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great effect on the selective rule for optical transition. 
Furthermore, one is continually hampered by a basic 
problem, namely that of the extent of the accuracy of the 
delineation of optical transitions based on conventional 
band theory in an ultra-short-period lattice made up of 
multiple atomic layers. In practicable superlattices, it is 
necessary to study in detail the influence of special order, 
strain, and electronic effects, for which reason it is 
absolutely indispensable to have information on the 
micro structures. With EXAFS it is possible to directly 
investigate the effects of atomic exchange and strain. 


The specimens used in the measurements were made 
using the RHEED (reflection high energy electron dif- 
fraction) on clean (2 x 1) Si(001), and fabricated with the 
MBE method while controlling the number of atomic 
layers.*° In Figure 10, the contributions of the nearest 
proximate Ge-EXAFS oscillation shells of GeSi super- 
lattices having four and eight Ge layers are extracted 
with Fourier filters. In the figure, data on GeSi superlat- 
tice specimens grown at a substrate temperature (Tg) of 
400°C are compared with data on GeSi mixed crystals 
grown on bulk crystalline Ge and Si(001). As already 
mentioned, the dependence on the EXAFS oscillation 
photoelectron wave number k differs with the atomic 
species, so we can infer the atomic species of the nearest 
proximate atom. In this example, by means of profile 
comparisons, we can understand qualitatively how in 
specimens having four Ge layers the Ge-Si bond is 
dominant, while with eight Ge layers the Ge-Ge anid 
Ge-Si bonds are present in roughly equal numbers. When 
these contributions are determined as parameters so that 
the experimental data can be reproduced, we see that a 


Figure 10. Fourier-Filtered Ge K-EXAFS Oscillations 
for Si/Gen/Si Heterostructures (n = 1, 4, 8). On 
increasing the number of Ge layers, the number of Ge- 
Ge pairs increases much slower than the ideal interface, 
indicating the presence of interdiffusion. 





vastly larger number of Ge-Si bonds are present than in 
ideal superlattice structures as predicted from RHEED 
oscillations.3,8 These results indicate that, at a temper- 
ature (Tg = 400°C) at which the flatness is thought to be 
good from the RHEED intensity, interface crystalline 
mixing occurs due to the substitution of Ge and Si atoms 
corresponding to the portion of the Ge atom layers. Such 
atomic interchange cannot be explained in terms of 
ordinary diffusion thought to result from thermal 
excitation.”° It is known that the surface diffusion coef- 
ficient is larger in the direction of the dimer chains, but 
we cannot understand interchange in the perpendicular 
direction relative to the substrate as resulting from 
diffusion in the surface. The interchange of atoms 
thought to arise between dimers and the atoms that are 
dispersed in the surface during growth can be accurately 
quantified by investigating the local Ge atom structures 
along with growth. 


When we derive the proportions between Ge-Si and 
Ge-Ge bonds, and the bond distances, by the method of 
least squares, so as to reproduce the experimental data, 
the Ge-Ge distance in the Ge,Si, superlattice is experi- 
mentally 2.42 +/- 0.01 angstroms, and the Ge-Si distance 
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2.38 +/-0.01 angstroms. The Ge-Ge distance is influ- 
enced by compression in the surface, and is clearly 
shorter than the 2.45 angstrom value for bulk Ge. From 
this we conclude that the model proposed by Wong is 
unsuitable.2> With two-dimensional growth in which 
there is no transfer, Ge atomic layers are grown when we 
match the in-surface atomic positions with the Si atoms. 
For this reason, the bonding angle declines while the 
Ge-Ge distance is compressed, and atoms move in the 
(001) direction. This is thought to be a uniaxial pressure 
effect called forward strain. Actually, this can be 
explained by deeming the lattice constant in the direc- 
tion perpendicular to the substrate, that is, the average 
inter-atomic distance, as a deformation relative to the 
macro compression stress. However, looked at in micro 
terms, when we consider what atom interchange, we 
cannot argue that the interface effect is an average 
quantity. We have already explained that the local strain 
governs lattice relaxation, but here we wish to emphasize 
the fact that local lattice deformation is produced by 
atomic species interchange, and there is a possibility that 
this influences optical transition probability and the 
energy band itself. 


Considering the case where the first layer of the GeSi 
interface has undergone ‘2 ML site displacement, an 
uneven Ge, ,SiO, ; layer is formed between the Ge and Si 
layers. If such site displacement occurs in rapid succession, 
ultimately the superlattice will become a mixed crystal. In 
Figure 11 is given a model of a structure in which the 
interface Si and Ge atoms have been interchanged. The 
inter-atomic distance is by actual measurement, but at this 
point in time we have no proof that such an orderly 
structure actually exists. What is important is that, at such 
an interface as this, the atomic species, positions, and 
strain ceases to be uniform, which 1n turn strongly influ- 
ences the selection rule and energy minimums of the 
conduction zone. On the other hand, when some of the Ge 
atoms are involved in site displacement over and over 
again, the Ge atoms penetrate deeply into the Si layer, and 
can assume an isolated state in the silicon. In that case, the 
Ge atoms should be subjected to an isotropic pressure 
effect, but the pressure effect probably increases the energy 
in the conduction zone which is in an anti-bonding state. 
As is plotted in Figure 12, when the number of Ge atomic 
layers is small and the growth temperature is high, it is now 
clearly known that the minute structures of the Ge K- 
absorption spectrum edges exhibit a characteristic change 
due to the change in the state density of the conduction 
zone. 


8. [sic] 


In order to elucidate the electronic states in the GeSi 
superlattice structure, we must have knowledge of the 
interface order and bonding conditions. To that end, 
once we have elucidated the structure of the Ge atomic 
layers on Si(001) while growing Ge layers one atomic 
layer at a time, and then grow an Si layer thereupon and 
investigate the interface structure of both, that is deter- 
minative. The Ge,/Si(001) specimens were fabricated by 
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Figure 11. Schematic Structure of GeSi Superiattice. 
The observed Ge-Ge and Ge-Si bond length values are 
indicated. For an ideal superlattice, without the interdif- 
fusion, Ge atoms are shifted by bending Ge-Ge and Ge- 
Si bonds, associated with in-place lattice matching. 
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Figure 12. GeK Near-Edge X-ray Absorption Spectra for 
Si/Ge,/Si Heterostructures (n = 1, 4, 8). A sharp spike 
is observed at ca. 6 eV below |and] above the edge. 
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2 ML Ge (b), and 4 ML Ge (c) on Si(001) as a Func- 
tion of Photoelectron Wave Number 





the MBE method on clean (2 x 1) Si(001), while control- 
ling the number of atomic layers using RHEED intensity 
oscillations. The RHEED oscillations are observed 
clearly up to n = 6, but rapidly attenuate after that, for 
which reason we think that three-dimensional growth 
begins. In order for the superlattice to become a direct 
transition, the X point energy folded at the I point must 
with the strained Ge become lower than the A point 
given by the energy minimum. The Ge layer sandwiched 
between Si layers is acted on by compression strain, so 
the A point becomes the minimum. Accordingly, we can 
say that it is natural for the band calculation based on 
ideal lattice deformation to become an indirect transi- 
tion, but, more fundamentally, the A energy which has its 
origin in the Ge atoms is extremely sensitive to the strain 
to which the Ge atoms are subjected, and whether the 
energy minimum is the I point or the A point depends 
on the direction and size of that strain. 


We now discuss the results of investigating “on-site” 
local Ge atom structures while growing one atomic layer 
of Ge atoms at a time, up to 6 or 7 layers, on Si(001) with 
the MBE technique. In Figure 13 are shown the Ge 
K-EXAFS for 1, 2, and 4 ML of Ge atoms grown on 
$i(001).?’ 


The EXAFS oscillations attenuate rapidly together with 
the energy, and most of the bonding partners are Si 
atoms. Also, in the 2 ML Ge case, the oscillations 
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gradually attenuate relative to the energy. Hence we 
believe that both Si and Ge atoms are present at closest 
proximate atomic species. 


The inter-atomic distances obtained for | ML Ge and 2 
ML Ge are represented in Figure 14. We obtained some 
interesting results concerning | ML Ge. On the Si(001) 
surface we know that dimers are present which have 
been stabilized by dangling bonds which form pairs. 
Usually, with asymmetric dimers, the charge transfers 
inside the dimers cause ion-bond gaps to form in the 
metallic surface band(s) (unstable), and this results in a 
semiconductor, which in turn results in stabilization, or 
so it is believed.”* In broad terms we may conceive of 
this as the charge transfers resulting in the appearance of 
s*p*-sp? bonds. In this case, it is know that the bond 
length becomes shorter than the value corresponding to 
sp’ in pure crystals. It has been experimentally reported 
[sic] that, in actuality, the inter-atomic distance in Si 
dimers is about 4% shorter than in crystals.?°°° This 
agrees well with theoretical calculations such as those 
based on LDA (local density approximation).7*:*' 
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Contrariwise, the | ML Ge dimer bond length (2.51 
+/-0.01 angstroms) is about 2.4% longer than the crystal 
value. This does suggest that Ge dimers take a peculiar 
structure on Si(001), but, from this, we can see further 
that, when we compare this with the Ge-Si bond length 
of 2.42 +/-0.01 angstroms, the local structures, as we see 
in Figure 15, are positioned in extremely close proximity 
to the As dimers on Si(001).*' Since the fundamental 
electronic structure of the As dimer is sp’, this results 
suggests that the | ML Ge electronic state on Si(001) is 
characterized by p bonding, for some reason or other. 
Charge transition from Si atoms to Ge atoms is one 
possible reason for this. It has actually been both exper- 
imentally and theoretically demonstrated that the Si-Si 
dimer bonds increase in a system in which | ML Na is 
adsorbed onto Si(001).7°:>? This reason may be the effect 
of surface strain resulting from differences in the atomic 
radii between Si and Ge atoms, and, to be sure, in Ge 
atoms, due to the smallness of sp mixing, lone-pair 
electron coulomb repulsion causes destabilization in 
normal dimer structures. At any rate, this effect has yet 
to be theoretically explained. Nor does this bonding 
distance converge experimentally. Based on X-ray 
standing wave experiments, 2.60 angstroms has been 
reported as the dimer distance.’ But in theoretical 
calculations based on LDA, the short bond distance of 
2.39 angstroms is obtained (asymmetric).°? These 
reports agree in that the dimers are asymmetric, but they 
differ greatly in terms of the dimer bond distances. Our 
results suggest the existence of a symmetric dimer. In 
Figure 16 are diagrammed the relationship with elec- 
tronic positioning in several dimers. Over against asym- 
metrical dimers originating from inter-dimer charge 
transition, symmetric dimers are produced by charge 
transfers from substrate atoms or other adsorbed species, 
and we observe characteristically long dimer-atom bond 
distances. Ge/Si(001) and Na/Si(001) are thought to be 
examples of the latter, but we need to elucidate the 
effects of surface strain by theoretical calculations based 
on the first principles. 


With Ge on Si(001), we observe a characteristic structure 
corresponding to the number of Ge atomic layers. With 
2 ML Ge, we are unable to reproduce an experimental 
spectrum, even taking polarized light dependence and 
thermal vibration anisotropy into consideration. What 
this means is that interchange between Ge and Si atoms 
occurs at the interface. It is very difficult to determine 
the replacement sites, but we can explain the experi- 
mental data well by creating a structural model in which 
50% of the Ge atoms in the second layer exchange with Si 
atoms, as diagrammed in Figure 17. The occurrence of 
characteristic atomic transfer in the second atomic layer 
is an interesting problem, but one which can also be 
explained as an effect of characteristic surface strain.,, 
Due to the dimers, the third atomic layer on the surface 
is subjected to strain, but the direction and size of the 
stress depends on either the atomic layer or the site.*° 
This same is true for both Si and Ge, but with Ge on Si, 
the common bond radius differs, so a new surface strain 
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Figure 15. Schematic Figures for Various Dimer Struc- 
tures on Si(001). The results for Si dimers and As 
dimers on Si(001) are taken from Reference 32. 





results. Due to the dimer effect, the second atomic iayer 
is subjected to the effects of compression, but in the third 
atomic layer, there are alternating sites which are sub- 
jected to the effects of compression and tensile stress. 
The strain caused by differences in atomic radius affects 
two atomic layers on the SiGe interface, but with 2 ML 
Ge, that effect operates synergistically with the dimer 
effect, so the second atomic layer is subjected to strong 
compression stress. For this reason, when a Ge atom 
occupies this site, strain energy increases very rapidly. 
Meanwhile, at the third atomic layer, half of the sites are 
subjected to tensile stress. It is thought that the strain 
energy drops and the system stabilizes due to the move- 
ment of Ge atoms to these sites. We have explained the 
GeSi interface rearrangement that results from Ge and Si 
atom interchange in 2 ML Ge, but an Si atomic layer is 
grown on the Ge atomic layer when a superlattice grows. 
If at that time, by a similar mechanism, | ML Si is grown 
on the Ge layer, the strain energy increases in the Ge 
atoms in the second atomic layer sites and stabilization 
results from the interchange with Si atoms. This is 
thought to be a micro-mechanism of the surface segrega- 
tion phenomenon. 


9. Future Development (Toward Third-Generation 
XAFS) 


With second- and 2.5-generation synchrotron radiation, 
using continuous wavelength distributions, mono- 
chrome X-ray beams are obtained with a spectroscope. 
With ordinary synchrotron radiation, there are limits on 
the brilliance obtainable due to thermal loading. With 
third-generation storage rings, however, it is thought that 
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Figure 16. Schematic Figures for Various Dimer Struc- 
tures. An asymmetric dimer is associated with intra- 
dimer charge transfer while elongated dimers are due to 
p’-like bonding as a result of a charge transfer from the 
substrate. 





the main role is played by a quasi-monochrome, high- 
brilliance undulator. If we can have a “tunable” undu- 
lator with which the fundamental wavelength in the 
X-ray region could be varied, we would then become 
able to employ beams with brilliance enhanced by a 
factor of 100, at any desired energy. We will also 
probably see the advent of microbeam XAFS having 
high energy resolution using ultra-low emittance (<10 
nrad). A useful method for high-speed measurement is to 
make the spectrum distribution of the undulator vari- 
ably by controlling taper, and running the spectroscope 
at high speed, broadening the energy width to get the 
needed energy region (<1 keV). With EXAFS we doa | 
keV energy scan and with XANES a 100 eV energy scan, 
but it is necessary to vary the energy over a wide energy 
range (to a maximum of 25 keV) when varying the 
absorption edge. The energy band width of the undulator 
light is narrow, so, if we are to use a high-brilliance beam, 
we must simultaneously control the fundamental wave- 
length while varying the undulator gap as corresponding 
to the angular scanning of the spectroscope. If we take 
into account also the effects of changing the gap relative 
to the light source, it will be practicable to cover every- 
thing by making the hard X-ray region (4-29 keV) the 
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(110) 
Figure 17. A Model Structure for ML Ge/Si(001). Half 
of the Ge atoms in the second layer are replaced with 
the third layer Si atoms. This lowers the elastic energy 
raised by the surface strain due to dimer structure and 
size effect between Ge and Si atoms. 





fundamental wavelength and using level-three light. This 
region contains both the K absorption edges from Ca up 
to In, and the L absorption edges for all metals heavier 
than In. Thus we can observe all metals for which z > 
20. In Figure 18 is reproduced the brilliance spectrum 
for an X-ray undulator calculated for SPring-8. The 
curves in the plot represent changes in the fundamental 
wave and third harmonic when the gap is varied. When 
silicon is considered as the light-dividing crystal, in the 
4-16 keV and 19-29 keV energy regions, Si{111) and 
Si(220), respectively, correspond. If we load these crys- 
tals beforehand into the spectroscope and change the 
crystal faces, we can more or less cover the 4-29 keV 
range continuously. 


When we change the absorption edge, we also must vary 
the undulator gap. This operation has a large effect on 
electron path, but fortunately we do not have to do it 
very frequently, and the thing can be handled, except for 
certain time frames, by doing the gap adjustment simul- 
taneously with the inserted light source. The problem is 
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Figure 18. Spectral Distribution for X-ray Undulator for 
SPring-8. Solid lines indicate the envelopes of the fun- 
damental and third higher harmonics. 





the frequent gap control that is done when measuring 
spec s. The method of scanning the gap and the spec- 
troscope simultaneously is desirable in that it permits the 
brilliance to be used at maximum. The idea of moving 
the undulator gap and the spectroscope simultaneously is 
attractive, but this is not likely to be possible for some 
time, if ever, and synchronizing the undulator and 
spectroscope would be no easy task. As an alternative 
method, therefore, we could sacrifice brilliance some- 
what, and give impart taper to the undulator, thereby 
providing the necessary energy region spread for spec- 
trum measurement, and scan the spectroscope at high 
speed while keeping the gap stationary. ' 


In Figure 19 is given a diagram for the new XAFS 
measuring principle using the tunable undulator. The 
quick data collection method based on high-speed spec- 
troscopic scanning using an insertion light source is 
called Q (for “Quick”) scan I. Qscan I uses a conven- 
tional fluorescence detector and can be used with dilute 
systems. For even quicker measurements, the undulator 
band width can be widened and the spectrum then 
measured simultaneously with the energy diffusion 
method. In the case of the transmissivity method, the 
undulator angular scattering is small, so scattering must 
be enhanced with a mirror, but otherwise this is funda- 
mentally the same as the energy diffusion method. We 
place the specimen at the focal point of the beam which 
has energy that varies according to the curved crystal, 
and measure the transmissivity spectrum simultaneously 
as a function of beam position. This method is efficient 
insofar as undulator light having spectrum energy spread 
is used simultaneously, and also in view of the heat load 
of the light-dividing crystal. The drawback with this 
method is the inability to use a fluorescence detector. 
With Qscan II, diagrammed in the lower portion of 
Figure 19, to control the beam band width with the 
energy diffusion position, a slit is used which oscillates 
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Figure 19. Schematic of a Rapid XAFS Experiment 
Using a Tunable X-ray Undulator at the Third-Gener- 
ation Storage Rings. For edge tuning, the undulater gap 
is varied while the energy width is optimized by tilting 

the magnet so that it matches the energy range for a 
spectroscopic scan. A monochromator can be scanned 

quickly (Qscan I) or an oscillating slit can provide a 

new technique for rapid and sensitive measurements 

(Qscan Il). 





along a fine straight line. With this method, by concur- 
rently using a fluorescence detector, it becomes possible 
to achieve time resolution in more dilute systems.' 


By using these methods to the fullest, XAFS should 
produce a qualitative revolution in terms of sensitivity, 
time resolution, spatial resolution on specimens, and 
energy resolution. We hope that this will enable us to 
pioneer new research areas and develop new measure- 
ment techniques that heretofore were out of reach. 
Surface XAFS research is about to make new advances. 
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New Tunable Ti:Sapphire Laser System for 
Measuring Refractive Index Change, Gain of 
Semiconductor Lasers 


94FE0712B Tokyo BULLETIN OF THE 
ELECTROTECHNICAL LAB in Japanese Vol 58 
No 3, Mar 94 pp 53-58 


[Article by M. Mori] 


[Text] A measurement system for refractive index 
change and gain of semiconductor lasers under lasing 
condition is constructed with a Ti:sapphire wavelength 
tunable laser. By using the system, the refractive index 
change and gain with variable wavelength according to 
current injection is measured. 
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1. Introduction 


Semiconductor laser structures are not only usable for 
laser oscillation, but possibly also for such applications 
as light amplification, switching, phase modulation, 
wavelength control, wavelength switching, and beam 
deflection and convergence elements. The refraction 
index and gain of semiconductors configuring such 
devices are greatly altered by the wavelength, injection 
current, and temperature. In order to achieve more 
highly functional devices, altering the refractive indexes 
of semiconductors by current injection and measuring 
their gain characteristics are important, and to date 
many measurements have actually been made.'* In 
regions of current injection amounts lower than the 
threshold value, refraction index measurements have 
been made in a wide range of wavelengths.'~* In oscil- 
lating states which exceed the threshold current, the 
change in refractive index brought about by carrier 
injection has been measured according to the change in 
the oscillation wavelength.*-> Accordingly, the measure- 
ment of those changes in refractive index is limited to 
the oscillation wavelength. 


However, when it comes to a consideration of highly 
functional elements, and to elements integrated with 
semiconductor lasers, it becomes necessary to make 
more precise measurements of refractive index changes 
and gain values, giving thought to wavelength character- 
istics and polarized light characteristics which are not 
limited by the oscillation wavelength. In this article, we 
report on the principle of a measurement system 
designed for these characteristic measurements, and on 
test results therewith. The measurement system employs 
as its light source a Ti:sapphire laser, which is a variable- 
wavelength solid laser, and is configured with boxcar 
integrator and lock-in amps. 


2. Measurement Principle 


The measurement of refractive index variation and gain 
is done in the Fabry-Perot mode using external injection 
light. With a uniform medium such as a semiconductor 
laser, the Fabry-Perot resonance mode in the transmis- 
sivity is expressed by the following equation. 


In the above equation,mis the integer value of the 
vertical mode number, A,, is the Fabry-Perot mode peak 
wavelength, ne is the effective refractive index, and L is 
the semiconductor laser’s resonator length. Based on 
current injection, etc., when the effective refractive 
index varies, the Fabry-Perot mode peak moves with it. 
This relationship is expressed by the following equation. 


In the above equation, An, is the amount of change in the 
effective refractive index. Accordingly, by measuring the 
transmissivity of the semiconductor laser, and mea- 
suring the amount of movement in the Fabry-Perot 
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mode, we can measure the change in the effective refrac- 
tive index in the active layer(s). 


Gain, similarly, can also be measured by calculation 
from the Fabry-Perot mode of the transmitted light. 


It is also possible to similarly calculate the gain from the 
Fabry-Perot mode of the transmitted light. In the reso- 
nator structure, if we make A; the complex amplitude of 
the electrical field of the injected light, then A,,, A,>, A,3, 
etc., may be expressed as follows. 


Fi tT siccrtetnistcaneninninsesvcatiinasnennieeed (3) 
Ben PUTA] Cnceccorccseccrcesrsssesresccvsesveceecees (4) 
Au = tl T*Ae7*e™* eee eeeeveceecccccereseeesoesseseeseesoees (5) 


In these equations, r and ¢ are the electric field reflec- 
tivity and transmissivity when light is injected into the 
resonator from outside. Furthermore, r’ and ¢’ are the 
electric field reflectivity and transmissivity of the light 
ejected from inside to outside. We also have the fol- 
lowing. 


Here 6 is the phase difference between the two partial 
waves, and a is the gain coefficient; 5 is given by the 
following. 


DO is, sccccenrictnicteinntiencintenennil (8) 


Here A, is the wavelength of the injected light in a 
vacuum. When we set r = -r’, and the power reflectivity 
and power transmissivity of the mirror unit(s) as R and 
T, respectively, then we assume R =’ =r’, and T = 7? = 
(?. If we further assume that there is no mirror loss, we 
get R + T = 1. The total transmitted light is the sum of the 
partially transmitted waves, giving us an infinite geomet- 
rical series; if we assume that r7e"* < 1, then the total 
power transmissivity T,,,..; is given by the following. 


7 = AAP (1- Rye 
re A:AS (1—Re*")'+4Re™ sin( 4/2 


(9) 





In this equation, A* is the complex conjugate of A. The 
transmissivity Fabry-Perot mode peak occurs when the 
sin?(8/2) factor in the denominator in Equation 9 is 0, 
which is when the bottom is 1.0. Accordingly, if we 
assume that the ratio between the bottom and the peak is 
H = h’, then we get the following: 


, 1+ ke 
— py ——/ torat-poak _ 
=H= we (10) 
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Figure 1. Experimental Setup for Transmittance Measurements 





By measuring the transmitted light Fabry-Perot mode 
peak value and bottom value ratio H from this, we can 
determine the gain coefficient: 


a = In/ 
IITs atsnsecenscnseeqnsntennannaninetncennebensaneetentl (11) 


3. Measuring System 


The transmissivity measurement system is diagrammed 
in Figure 1. The light source is an argon-laser-excited 
Ti:sapphire laser, having an oscillation wavelength 
ranging from 760 to 900 nm, and computer controlled to 
a precision of 0.05 nm. The light which passes through 
the chopper is injected into a reference light detector and 
a semiconductor laser element. The device is pulse- 
driven at a duty rate below 0.1% in order to avoid the 
changes in refractive index and gain caused by the heat 
which accompanies current injection. Both the oscilla- 
tion light from the element itself and the measurement 
light that is transmitted through the element are injected, 
simultaneously, into the light detector behind the spec- 
troscope. A horizontal microscope was fabricated and 
installed especially for the injection to the element and 
for accessing the ejected light. We position this micro- 
scope before and after the element, use a CCD camera to 
observe the element end surface, and, while doing so, use 
an 80x objective lens to inject the measurement light into 
the waveguide structure of the element. Meanwhile, on 
the back side, we separate the ejected light and the 
waveguide light from the surrounding leakage light, and 
inject this/these into the spectroscope. The injected 
measurement light must be made as weak as possible in 


order to minimize its influence on the element carrier. 
However, we need a technique that will allow us to 
separate this weak transmitted light from the strong 
oscillation light of the element itself. 


In Figure 2 is given a conceptual diagram of the mea- 
surement signals. The transmitted light corresponding to 
the injected light that is repeated turned on and off by 
the chopper and the oscillation light resulting from the 
pulse-form injection current are added together and sent 
to the light detector (Detector 2) behind the spectro- 
scope. Ideally, we would want to measure only the 
wavelength of the measurement light by the spectroscope 
in Figure 1, but currently available spectroscopes do not 
have sufficient resolving power for fine measurements in 
the vicinity of the oscillation light. Accordingly, we need 
to separate the signals with a different method. Detector 
2 takes only those signals which occur when the current 
is injected by the boxcar averager. In these signals, those 
which are synchronous with the on/off of the injected 
measurement light have amplitudes which correspond to 
the intensity of the transmitted light. This being so, these 
amplitudes are detected wiih the lock-in amp 2 that is 
synchronized with the chopper. The ratio between this 
output and the reference signals from the lock-in amp | 
is calculated in the computer. Hence we can determine 
the final transmissivity. 


4. Measurement Results 


We made measurements for a quantum well laser fabri- 
cated by means of selective MOCVD (metalorganic 
chemical vapor deposition) growth. The laser semicon- 
ductor crystal was prepared by performing selective 
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Figure 2. Block Diagram of Measurement Signals 





growth on a GaAs substrate patterned with SiO,.'° With 
the GRIN-SCH structure, light is generated with a single 
quantum well. The threshold current with the pulse drive 
is 20 mA, and the oscillation wavelength is 840 nm. In 
Figure 3 are shown the results of transmissivity measure- 
ments with injection currents of 18 mA (a) and 22 mA 
(b). The fine structures are the respective Fabry-Perot 
modes. The mode interval is approximately 0.4 nm 
which corresponds to the length of the resonator. The 
variations in the refraction index as determined from the 
amounts of shift in the Fabry-Perot peaks are plotted in 
Figure 4. These are the changes in refractive index which 
correspond severally to the injection currents referenced 
to an injection current of 20 mA which is the threshold 
value. It is evident that, by increasing the current 10%, a 
change in refractive index of approximately 0.01% is 
produced. Under normal oscillation conditions, the car- 
rier density is constant in the active layer, and it is 
thought that this is accompanied by almost no variation 
in refractive index. We believe that these results show 
that the effective refractive index changed due to the 
influence of the refractive index accompanying the 
increase in carrier density in the surrounding cladding 
layers, etc. 


In Figure 5 the measured values of the gain coefficients 
are represented. At current injections below the 
threshold value, a weak increase in amplitude is exhib- 
ited only in the vicinity of the oscillation wavelength. 
When the injection current increases, however, and we 
reach oscillation conditions, amplitude increase is exhib- 
ited at shorter wavelengths than the oscillation wave- 
length, while on the longer wavelength side, contrari- 
wise, an increase in absorption is exhibited. 


5. Conclusion 


We constructed a system for measuring the gain and 
changes in refractive index in a semiconductor laser 


structure using a Ti:sapphire variable-wavelength laser. 
This system facilitates measurement through a wide 
range of wavelengths, as well as measurements of ele- 
ments under oscillation conditions. In order to verify the 
effectiveness of this system, we conducted measure- 
ments of a single quantum well laser based on selective 
MOCVD growth. In the future, in the interest of even 
finer measurements, we need to improve the techniques 
for separating the oscillation light and measurement 
light from the laser itself. 
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Figure 4. The Refractive-Index Change With Current Injection. The based refractive index is that with 20 mA cur- 
rent injection. 
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Oki Electric Industry Co., Ltd. Develops 
Semiconductor Laser That Finits Ultrahigh-Speed 
Pulses at 1.54 Terahertz 


94FE0714A Tokyo SEMICONDUCTOR WORLD in 
Japanese No 5, May 94 p 25 


[Text] 


Operating Domain Divided Into Four By Function 


Oki Electric Industry Co., Ltd has developed a semicon- 
ductor laser element that emits an ultrahigh-speed pulse 
of 1.54 THz. This laser is the nucleus of ultrahigh-speed 
optical fiber communications that an advanced informa- 
tion society requires, and is attracting notice as a tera- 
hertz signal light source. 


Up until now, laser resonators were shortened as a way 
of obtaining an ultrahigh-speed pulse with a semicon- 
ductor laser. AT&T of the United States was successful 
in producing a 350 GHz pulse with this method. The 
problem with this method, however, is that it is difficult 
to get a high output. 


The semiconductor laser that Oki Electric has recently 
developed has a distributed reflective structure that uses 
indium phosphor (InP), and features an operating 
domain that is separated into four different domains, 
one for each function. The four domains are saturable 
absorption, gain, wave guide path and diffraction 
grating. Each domain is in charge of the following 
functions. 


The saturable absorption domain can transmit strong 
light and absorb weak light, and performs light 
switching. The gain domain has a function that produces 
and amplifies the light needed for laser oscillation. The 
wave guide path domain fine-tunes the length of the 
resonator by adjusting the amount of current. And the 
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Figure 1. Conceptual Diagram of the Tip 
Key: 1. 1.54 THz pulse line; 2. Saturable absorption 


domain; 3. Gain domain; 4. Wave guide path domain; 5. 
Diffraction grating domain. 
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diffraction grating domain repeats the pulse and deter- 
mines its frequency by domain length. 


By separation into domains having the above character- 
istics, an ultrahigh-speed pulse can be stably produced, 
and the laser can be operated at a high output as well 
(Figure 1). 


In addition to a repeat frequency of 1.54 THz, charac- 
teristics of the element include a wavelength of 
1.55\gmm, a pulse width of 260fs, and a light output of 
16mW. And because the light source can be operated 
with a simple direct current power source, applications 
can be found for a wide range of industrial uses such as 
ultrahigh-speed optical communications and clock sig- 
nals for timing sampling. 


Oki Electric began developing terahertz devices for the 
advanced information society, beginning with multi- 
media; development continues on long distance, large 
capacity communications technologies that can send 
large quantities of animation or computer information 
over great distances at a low cost. At the present time a 
number of devices in the gigabit class have been put to 
use, but terahertz devices have been awaited as next- 
generation devices. 


An ultrahigh-speed electron device and an optical device 
are being researched as terahertz devices. But the devel- 
opment of the semiconductor laser, which is a signal 
source, opens the way for next-generation ultrahigh- 
speed communications because optical fiber cables can 
send ultrahigh-speed signals in the terahertz range. 


Free Electron Laser Research Institute Completed 


94FE0714B Tokvo NIKKEI SANGYO SHIMBUN in 
Japanese 19 May 94 p 5 


[Text]The Free Electron Laser Research Institute 
(Tsuneo Nakahara, Director) for the study of free elec- 
tron lasers, which are useful for developing new catalysts 
and treating cancer, has been completed in the Kansai 
Culture and Science City’s Himuro-Tsuda District 
(Hirakata City, Osaka Prefecture). Opening ceremonies 
were held on 18 May. The Institute intends to develop 
oscillation equipment for free electron lasers, which are 
“next-generation optical devices”, and study technolo- 
gies utilizing these lasers. Together with the lon Engi- 
neering Center established in this district in June 1990, 
the district has become a significant base for photon 
science research. The Institute has a site of 12,000 square 
meters, which is leased from prefectural holdings. The 
building has three stories, with the first and second floor 
for laser oscillation equipment and the third floor for 
laser utilization laboratories. The first year’s objective is 
infrared laser oscillation using an electron beam with 75 
megaelectron volts (megaelectron volts = million elec- 
tron volts) of energy. By the end of 1996, oscillation of an 
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ultraviolet laser is planned, using a high energy electron 
beam of 165 megaelectron volts. Free electron lasers are 
laser in which a high-speed electron beam passes through 
a special magnetic field and bends, and the light emitted 
is amplified and isolated. Along with high output, its 
distinguishing feature is that its wavelength can be freely 
changed. It is expected to be widely used in the fields of 
industry and medicine. 


Electrotechnical Laboratory of AIST Develops 
New Free Electron Laser 


94FE0714C Tokyo NIKKEI SANGYO SHIMBUN in 
Japanese 18 May 94 p 5 


[Text] 


Oscillation By Means of Small Ring 


Free electron laser: a device that oscillates a laser by 
utilizing the light produced when the path of electrons 
travelling at high speeds is bent by a magnetic field. One 
feature is the ability to freely control the light’s wave- 
length depending on the magnetic field’s strength and 
direction and the electrons’ energy. 


The Electrotechnical Laboratory of the Agency of Indus- 
trial Science and Technology (AIST) together with 
Kawasaki Heavy Industries, Ltd. was successful in oscil- 
lating an ultraviolet free electron laser, by using a small 
storage ring that stores electrons travelling at speeds 
nearly that of light. This has already been done with a 
large ring having a circumference of nearly 100 meters, 
but it was the first time with a small ring. This was 
carried out by using among other items a reflecting 
mirror that amplifies ultraviolet rays. 


Free electron lasers are expected to be useful in the field 
of medicine as well as in electronics, and oscillation by 
means of a small ring has been eagerly awaited. The 
range of practical applications for industry is also 
expected to widen. 


The oscillating device uses an electron storage ring with 
a circumference of 29.6 meters; an optical klystron 6.3 
meters long, which causes an interaction between the 
electrons and light, is inserted in the ring. The light is 
returned by a reflecting mirror installed in the device, 
and a short wavelength laser is oscillated through an 
interaction with electrons that meander through the light 
because of the klystron. 


Oscillation has been successful for visible light, but 
replacing the converging lens and the light-reflecting 
mirror with high performance parts enabled ultraviolet 
light with a wavelength of 353 nanometers (nanometer = 
one-billionth of a meter) to be oscillated. In experiments, 
electrons were accelerated by supplying 311 megaelec- 
tron volts (megaelectron volt = million electron volts) of 
energy, causing the free electron laser to oscillate. 
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By achieving its goal using a relatively small storage ring, 
the joint research team hopes to be able to tie in 
industrial applications. Because the wavelength of the 
free electron laser’s oscillated light can be freely changed, 
targeted atoms can be ionized. Practical applications are 
expected in fields such as photochemical reactions, bio- 
technology, and uranium concentration. 


JAERI Develops New Ultrahigh-Energy Ion 
Facility 


94FE806A Tokyo NIKKAN KOGYO SHIMBUN in 
Japanese 27 May 94 p 9 


[Text] In June, the Japan Atomic Energy Research 
Institute (JAERI) (Junzo Shimomura, Director) will start 
negative ion source experiments of a “mammoth class,” 
with a beam energy of one MeV and current of one 
ampere, which has not been handled by any nuclear 
power researchers in the world so far. This is equipment 
that is necessary for a practical fusion reactor, and 
approximately ¥ 1.3 billion was spent for Nissin Electric 
Co., Ltd. (Yasuo Tanaka, President) to develop the ion 
source and Hitachi, Ltd. (Tsutomu Kanai, President) to 
develop the accelerator section. According to the plan, 
“principle verification tests” on how the equipment 
operates will be carried out repeatedly. If one series of 
tests is successful, Japan will take the world lead with a 
Mega-class beam, and we can expect to have technology 
that leads other countries in the development of the 
International Thermonuclear Experimental Reactor 
(ITER), for which internationally competitive research is 


progressing. 
The negative ion source unit is a test unit for deter- 


mining whether or not a mega-class negative ion source 
is technically possible. Nissin Electric Co. has developed 


the ion generation section and voltage resistance system 
for handling 1 MeV, and it is a system in which an ion 
beam from a 200KeV, | ampere ion generation (source 
plasma) is accelerated to 1 MeV in five stages of 200KeV 
each. Hitachi has been in charge of this acceleration 
section. 


The unit takes the form of a Cockcroft-Walton high 
voltage generation circuit that generates the high voltage 
of 1MeV, an electric generator for ion generation, a 
negative ion generator and two pressure vessels, one with 
a diameter of 3.5m and a length of 8m and one with a 
diameter of 3.2m and a length of 11m, to house sulfur 
hexafluoride at 7atm. 


Negative ion sources are necessary in order to efficiently 
supply energy to the high temperature plasma that brings 
about nuclear fusion, and JAERI has been carrying out 
research with two goals, research for raising the current 
and research for raising the voltage (energy). This 
research has attained world records of 1A at 29KeV in 
1987, 10A at 50KeV in 1990 and 22A at S500KeV in 
1994. 


The unit that has reached these records is one in which 
the JAERI plasma test unit (JT-60) has been used as a 
direct current drive unit, and construction on two ion 
source facilities is progressing. 


The world’s largest and most powerful negative ion 
source completed this time is for making even more 
rapid progress in this record, and a 1MeV beam energy 
would reach the level for a practical reactor. 


If this research group further raises the level of this 
research, it will also be possible to use it for the pro- 
cessing of long half-life nuclear waste materials, and it 
will make for rapid progress in accelerator development. 
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PHS Easily Carried Portable Telephone 


94FE0737A Tokyo NIKKEI COMMUNICATIONS in 
Japanese 6 Jun 94 pp 38-43 


¢ Personal Handyphone System (PHS) products are 
being marketed as cordless phones for business sys- 
tems and for home use. Their selling points are the 
high level of voice quality due to digital communica- 
tion and privacy. 

¢ PHS also supports digital communication and will 
likely have improved functions and performance in 
the future. It will also play a role in the evolution of 
the wireless office. PHS public service to allow out- 
door use of portable phones will arrive in 1995 and 
the interaction between homes, offices, and outdoors 
will be examined. 


A great deal of attention is focused on the Personal 
Handyphone System (PHS, renamed from the earlier 
PHP) that has the two faces of a portable phone and a 
cordless phone. 


According to Kenichi Kosugi, a managing director at 
Matsushita Tsushin Kogyo, “Because this is digital com- 
munication, the communication quality and privacy will 
improve markedly over those of earlier analog systems 
and cordless phones.” Yoshitoshi Murata, manager of 
Service Planning, Service Development Division, NTT 
DoCoMo, states, “PHS is also intended for communica- 
tion in non-telephone systems like data communication 
and facsimiles.” With these features as the weapons, a 
huge market is expected to emerge that will surpass 
analog portable telephones that were dominated by con- 
ventional voice communication (Figure 1) figure not 
reproduced. 


Vendors are stepping up their activities on PHS prod- 
ucts. NTT DoCoMo and Matsushita Tsushin Kogyo 
have announced one digital cordless telephone system 
after another for offices. NTT DoCoMo marketed PAS- 
SAGE in March (Photo |). Matsushita Tsushin marketed 
the D-5000 Digital Cordless System. Both are PHS 
systems that comply with the RCR standard developed 
by the Radio System Development Center. 


In March, Matsushita Tsushin marketed a digital cord- 
less home telephone for home use. PHS can be used in 
homes, offices, and outdoors. Of these, the home and the 
office are environments where digital cordless tele- 
phones can be set up. 


Public telephone service, which is a likely winner in 
PHS, is expected to begin in 1995. Finally, PHS will 
become full-fledged service. 


Can Be Used with Most PBXs 


A cordless telephone system is an independent portable 
telephone network installed in commercial buildings like 
offices and factories (Figure 2) Figure not reproduced. 
Connection equipment to connect to a private branch 
exchange (PBX) is wired in the building's walls. If this 
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Photo 1. NTT DeCoMo’s PASSAGE Handsets from 
left to right are manufactured by NEC, Oki Denki 
Kogyo, Toshiba, and Hitachi Seiyakusho. 

















connection equipment is connected to cordless tele- 
phones by radio, they can be used as a telephone system. 
The cordless phones can be used within a radius of 50 m 
from the connection equipment. Therefore, multiple 
connection equipment is set up to cover the desired 
region. 

All of the digital cordless telephone systems now on the 
market have added line cards and software to accommo- 
date connection equipment for connecting to PBXs. 
Therefore, they can only be used with specific PBXs. 


However, DoCoMo’s PASSAGE is compatible with 
PBXs made by Oki Denki Kogyo, Toshiba, NEC, 
Hitachi Seiyakusho, and NTT. Matsushita Tsushin’s 
product is for use only with its own PanaEXA II PBX. In 
addition, Fujitsu jointly developed a product for its PBX 
with Matsushita Tsushin that has already paid off. 
Shoichi Tanishima, manager of Fujitsu’s Business Com- 
munication Division, says, “It will be on sale by 
summer.” 


As a result, systems are available for almost all PBXs in 
use in Japan. Nonetheless, there are special provisions 
for different series and versions even for PBXs by the 
same manufacturer. 


Systems externally connected to a PBX in an analog 
system are also on the market. In the future, digital 
versions may be available (Nikkei Communications, 4 
March 1991, pp. 74-80). A complete PBX model can be 
used even when a PBX for extensions is already con- 
nected. 


Improving Performance 


Basically, PHS is a digital cordless telephone. Because 
this is digital communication, the voice quality is better 
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than in earlier analog products. In addition, privacy is 
enhanced by using encryption technology. Information 
exchange is possible during communication and the 
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specifications to easily implement complex functions 
like a cordless telephone system are simple to install. The 
standard itself contains a wealth of functions (Table 1). 





Table 1 Specification Comparison between PHS and a Conventional Analog Cordless Telephone 











PHS Analog Cordless Telephone 
Frequency band 1.9 GHz 250 MHz/380 MHz 
Carrier interval 300 kHz 12.5 kHz 





Number of carriers 
in homes and offices 


77 (for public use). Of these 37 are also used 


89 (87 for communication, 2 for control) 





Number of channels 


308 [=77x4] (for public use). Of these, 148 
[=37x4]} channels are also for use in homes 


89 (87 for communication, 2 for control) 











and offices. 
Access method Multicarrier time-division multiplexing Single channel per carrier (SCPC) 
(TDMA) 
Transmission method Time division duplex (TDD) Frequency division duplex (FDD) 
Multiplexing number . (1) 





Modulation method 


n/4 shifted quadrature phase shifted keying 


The communication channels are frequency 











(QPSK) modulated (FM). The control channels use 
frequency modulation (FM) or minimum shift 
keying (MSK) using a subcarrier. 

Modulated signal speed 384 kbits/s 600-4,800 bits/s (control channel) 
Voice transmission method Digital 32 kbits/s ADPCM Analog 
Aerial line power 10 mW or less (Outdoor base stations use 500 10 mW or less 


mW or less. 











Although a cordless telephone systems has a limited 
range, it requires the features of both portable telephones 
that can be used while moving around and carrying the 
handsets, and multifunction telephones connected to 
phone extensions. 


When viewed as a portable phone, first, a position 
registration function becomes important. This is a 
common function found in PBXs and determines in 
which radio zone of the connection equipment (or group 
of multiple communication devices) the user in. With a 
position registration function, the user can be efficiently 
summoned when called. 


The handover function also plays an important role. The 
handover function continues the call even while the 
party is walking around with the telephone. Previously, 
the call was disconnected when a telephone being moved 
around during a call left the radio zone of the connection 
equipment. If a handover function is present, the con- 
nection to the next connection equipment is made auto- 
matically. 


Digital versions of these products also support these 
functions. Manufacturers are divided into those who 
offering handover in analog cordless telephone systems 
and those who don’t. Implementing the handover func- 
tion in analog products was difficult and costly, because 
it required the exchange of control signals to switch the 
connection equipment while transmitting voice signals. 
For example, one system had two sets of radio equip- 
ment. 


Connection Equipment Also Achieves High 
Performance 


Digital PHS will contribute to lowering the cost of the 
connection equipment. One connection device can 
accommodate three to four terminal devices. PHS 
adopts time-division multiplexing access (TDMA) for 
multiplexing four channels. By using all four channels for 
communication or allocating one channel exclusively for 
control, three or four terminal devices can be connected. 


Basically, one connection device in an analog system can 
only accommodate one channel. Although there are 
products capable of accommodating multiple terminals 
in one connection device, they are multiple connection 
devices housed in one cabinet. In other words, to provide 
support for four channels as in PHS, in fact, four 
connection devices must be furnished. 


Doubling the Number S Handsets Available for 
se 


Five and a half years have passed since the appearance of 
analog cordless telephones. However, according to Shin- 
‘ichi Kasada, head manager of Business Products in 
NTT’s Second Business Dept., Communication Equip- 
ment Business Promotion Division, the actual uses and 
users are “occupied more than half of the time in uses 
such as alarms and management in buildings, or in 
specific uses in factories, warehouses, construction sites, 
or hospitals.” 
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One reason for the low penetration into ordinary offices 
is the small number of handsets that can be used. In an 
analog system, for example, there are 89 communication 
channels (87 are used for communication). Even if 87 
connection devices were set up in the same radio zone, 
87 phones could not be used at the same time. The 
reason being the radio waves generated by each handset 
and connection device would interfere with each other. 
Therefore, at the most 30 phones were available in an 
analog system. 


In contrast, 148 channels can be used in a digital cordless 
telephone system. According to Matsushita Tsushin, 40 
to 60 phones can communicate in one radio zone at the 
same time in a digital system. Even at DoCoMo, Masa- 
hiko Hirono, chief engineer in the Service Development 
Division, says, “Over 50 phones can be used depending 
on the environment and the layout design.” 


The functions to operate the DoCoMo brand provided 
by Oki, Toshiba, Hitachi, and NEC are essentially iden- 
tical. But each manufacturer has added innovations. For 
example, Toshiba allows the connection equipment to be 
2 km away from the PBX according to Yuzov Tsuruta, 
manager of business communication systems product 
planning in the Communication and Broadcast Systems 
Business Department. 


The Onset of Data Communication 


Only Toshiba and Hitachi terminals currently support 
data communications. Facsimiles and modem adapters 
are connected to the handsets. The modem signals for 
personal computers and facsimiles are modulated by 32 
kbits/s adaptive pulse code modulated (ADPCM) signals 
and transmitted. 


Masaichi Shirakawa, second technical manager of 
Toshiba’s Business Communication System Technology 
Department, states that the transmission speeds in fac- 
simile transmissions were “mainly 7,200 bits/s and 
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9,600 bits/s in the tests.” In addition, Mr. Hirono of 
DoCoMo explains that data communications is now at 
4,800 bits/s. 


Matsushita Tsushin is developing a data/fax modem IC 
card in cooperation with Matsushita Denki Kogyo. Data 
transmission at 32 kbits/s is possible as is voice commu- 
nication. But the data communication standard in PHS 
is still not established and remains in the prototype 
stage. 
Public Service Compatible with Different 
Terminals 


One important point is the handsets sold by all of the 
manufacturers at this time will not be able to be used in 
the public PHS service that will probably begin in 1995. 
Manufacturers must have handsets compatible with the 
public phone service to be marketed in the future. 
Specifically, handsets for the cordless telephone system 
compatible with the public service will be purchased 
separately. 


Another question is how much demand will there be for 
terminals in offices using the public service. At the 
current stage, there seems to be little need to worry about 
the coordination of the business terminals and the public 
PHS service. 


Will Use the C Public PHS Service Priced 
at ¥ 4,000 a Month 


Sanshiro Fukata, executive director of Business Planning 
at DDI, states, “For a basic monthly rate of ¥ 3,000, 
users have shown a great deal of interest in a public PHS 
service and about 90% would like to use it.” 


Public PHS service provides very portable telephones. 
Although it cannot be used at fast speeds like portable/ 
cellular phone service and its service area is narrow, its 
low rates and small, lightweight handsets are easy to use. 
Thus, this portable telephone service is directed towards 
a wider range of users (Table A). 





Table A. Comparison between the Public PHS Service and the Cellular Telephone Service 
































Public PHS Service Cellular Telephone Service 
Analog Digital 

Locations where useable Outdoors in major cities Outdoors throughout most | Outdoors in the Tokyo, 
throughout the country, of the country Tokai, and Kansai areas. 
around train stations, and Will be expanded to 
in business districts. major cities throughout 
Expected to be available the country in the future. 
in special buildings and in 
underground malls. 

Moving speed Walking speed (cannot be High-speed motion (can be even be used in the Shin- 
used in automobiles trav- kansen (Bullet Train)) 
eling at 40 km/hour) 

Voice signals Digital Analog Digital 

Number of multiplexing channels 4 1 3 

Distance reached by radio waves 100-500 m 1.5-10 km 

Direct calls between handsets Possible Not possible 
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Table A. Comparison between the Public PHS Service and the Cellular Telephone Service (Continued) 











Public PHS Service Celtular Telephone Service 
Analog Digital 
Data communication The bearer transmission 1200-4000 bps (no com- The bearer transmission 


speed ts 32 kbits/s per 
channel. Bundling two 
channels can be used at 
64 kbits/s. But, when 
error correction 1s 
included, about half of the 
data transmission capacity 
is not used. 


pression) 





speed is 11.2 kbits/s. 
Since RCR standard error 
correction is used, the 
user can use 2400 bits/s. 





Usage time (waiting/continuous call) 


100 hours/5 hours 


20-40 hours/60-120 minutes 








Terminal output 


Less than 10 mW 


600 mW - 1 W 





Terminal weight 150g 


| 150-250 g 





Rate Basic monthly rate 


¥ 3,000-4,000 


About ¥ 8,000 (basic rate) 





Communication rate 





¥ 30-50 for a |-minute 
intra-city call 


¥ 70-90 for a 1-minute local call (standard rate) 








Terminal price 


¥ 40,000-50,000 





¥ 70,000-1 30,000 | 





Response to the demand in DDI tests 


Since October 1993, DDI has run tests of the public PHS 
service in Hokkaido and Sapporo. The monitor users were 
surveyed and the responses collected from 356 people were 
summarized (see Figs. A and B). The results show that there 
is sufficient demand for a ¥ 3,000 to 4,000 basic monthly 
rate and ¥ 30 to ¥ 50 3-minute calls within the city. 


There are communication service providers charging a 
basic monthly rate of ¥ 7,000 for cellular telephone 
services. Furthermore, if a local service is used, this rate 
is set at ¥ 4,000. Judging from this situation, a monthly 
rate between ¥ 3,000 and ¥ 4,000 is an appropriate level. 
Since NTT increased its rate for intra-city calls by ¥ 10 
per minute last April, even if PHS’s communication rate 
is ¥ 30 to ¥ 50 for a 3-minute intra-city call, user resis- 
tance is expected to be low. 


The inclination of users of portable telephones to use PHS 
was surveyed. Of these, the users who responded they would 
not use PHS gave its narrow coverage as their reason. In 
contrast, those who would add PHS use or switch to PHS 
were impressed by the low rates, light handsets, good sound 
quality, and the long usage time on battery. 


According to Mr. Fukata of DDI, the price of terminals 
“is ¥ 50,000 for handsets for home use made by Mat- 
sushita Tsushin, which is the upper limit. If possible, we 
would like to reduce it by ¥ 40,000.” 


DDI's tests were conducted under the auspices of the 
Portable Telephone System Implementation Test Commis- 
sion of the Ministry of Posts and Telecommunications. In 
addition, NTT, regional businesses, and pager business also 
performed tests. A total of eight groups are involved in the 
tests. 


Figure A. Survey on Usage Trends of Public PHS 
Service (Basic Monthly rate) 
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“We have decided to plan for commercialization within 
the year,” states Yasuhei Kurose, assistant section man- 
ager in the Business Policy Department, Ministry 
ofPosts and Telecommunications. In other words, deci- 
sions will be made concerning the questions of whether 
to approve service throughout the country, whether to 
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Figure B. Usage Trends of Public PHS Service (commu- 
nication rate for 3-minute intra-city call) 
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will begin. Mr. Fukata’s statement of “one use and you'll 
be hooked” reflects the high expectations for the public 
PHS service. 
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100 3 10 Gbps Optical Transmitter and Receiver 
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Koyu Chinen] 
[Text] 


Abstract 


The authors have developed extremely compact 10 Gbps 
optical transmitter and receiver modules utilizing 8-bit 
multiplexer (MUX)/demultiplexer (DEMUX) ICs. 
These can support a high performance information net- 
work at a data transmission rate of 10 Gbps. The 


10 external size of these modules is 77x14.7x12 mm. The 
6.2 $8 authors have also developed IC chip sets (MUX/ 
= > 100 150 DEMUX, LD driver, preamplifier and decision circuit) 


Key: |. Inclination to Use; 2. Would definitely like to 
use; 3. Would definitely like to use + Still want to use; 4. 
Basic Rate for 3-minute Intra-city Call (yen). 





approve it in specific areas, and how many businesses to 
allow to participate, as well as determining the qualifi- 
cations for the businesses. Then, applications will be 
accepted, business will receive permission, and service 


using a 0.5 ym gate GaAs MESFET process. Bare chip 
ICs are mounted on the substrate which contains the 
microwave circuits. The structure of the package has 
been designed to suppress any unintentional resonance. 


1. Introduction 


Recently, small-scale computers represented by engi- 
neering workstations (EWS) and personal computers have 
made remarkable improvements in performance, and with 
the downsizing trend in which the conventional large-scale 
general use computers are being replaced, a change of era 


Figure C. Evaluation of PHS for Portable Phones and Pager (PocketBell) Users 
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is occurring. However, with this background, it means that 
the simultaneous development of mutual interconnection 
based on computer networks cannot be ignored. In the 
future, the heightening of microprocessor (MPU) speeds 
based on progress in LSI technology will cause more and 
more improvement in the performance of computer units, 
but increasing interconnection, the movement toward 
multimedia applications, and the transmission of video 
data are certain to require explosive throughput improve- 
ment for computer networks. 


On the other hand, R&D on ultrahigh-speed optical 
communication system in public network trunk line 
systems will target use of 10 Gbps as the speed for every 
location. Because of the trends described above, it is 
forecast that in 3-4 years this 10 Gbps class optical 
communications technology will be required even in 
networks within private business. 


The authors are proposing an ultra high speed optical bus 
link in which connections between computers are made 
with optical fibers, and we have developed ultra small- 
scale optical transmitter and receiver modules that incor- 
porate MUX and DEMUX applicable to this. '’ Here, we 
will give a summary of the ultrahigh-speed optical bus link, 
and describe the ICs developed, **” the package structure 
of the modules “’; then we will evaluate the results. 


2 Summary eof the Ultrahigh-Speed Optical Bus Link 


An ultrahigh-speed optical bus link makes a direct con- 
nection between the buses of computer systems. By 
setting the transmission speed to be a maximum 10 
Gbps, 64 bit width buses that operate at a 150 MHz 
clock can be connected without bottle necks. A model 
system using an ultrahigh-speed optical bus link is indi- 
cated in Figure |. The idea ts to use this as a star type 
network below a standard LAN which makes direct 
connections between super workstations and various 
kinds of sub-machines that are distributed within several 
km, or mutually between workstations. 
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Figure 1. Computer Network Using Ultrahigh-speed 
Optical Bus Link. Under a LAN, direct connections are 
made between EWS and the server at 10 Gbps. 














The realization of this kind of optical bus link will differ 
from the trunk line system, and the transmitter and 
receiver modules used will need to be convenient to use, 
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3 Configuration of the Modules 


3.1 Basic Design ef the Optical Components 
When an FP-LD (Fabry-Perot type laser diode) is uti- 


strength, and because this FP-LD is comparatively 
strong in relation to environmental change, it can be 
because an FP-LD is comparatively strong in the return 
light as well, it 1s highly possible that an isolator can be 
omitted by using the technique of controlling the return 
light level to the LD at a fixed level or less such as using 
round tip fiber in the connector with the photodiode 
(PD). Consequently, the optical peripheral part only has 
a temperature control circuit, and an APC (auto power 
control) circuit may also be omitted. 


On the other hand, because the wavelength spreading 
width of an FD-LD is large, there are problems with the 


the laser is made to be 1.31 +/- 0.03 pm and the spectral 
width is 4 nm or less, the maximum time diffusion of the 
pulse waveform at 3 km is kept to within 60 ps at worst, 
and no problems appear. 


A pin type PD was used on the receiver side. The reason 
for this is that the sensitivity at a connection distance of 
several km is not that important, and it has saturation 


strength in relation to high strength optical input. 
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3.2 Fundamental Design of the Electronic Circuits 


The configurations of the transmitter and receiver mod- 
ules are indicated in Figure 2. 
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Figure 2. Configuration of Transmitter and Receiver Mod- 
ules. Incorporates 8 bit MUX/DEMU<X, and is configured 
to have high functionality and to be easy to use. 
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Table 1. Performance Specifications of the ICs Developed 









































The transmitter and receiver modules also conduct input 
and output of electrical signals in 8 parallel 1.25 Gbps 
lines. In transmission, after the signals have been multi- 
plexed, they are re-timed at 10 Gbps by the laser drive 
IC,” and the LD is current driven. 


In the receiving module, after conversion to electricity by 
the PD, the signals that have been amplified by the 
pre-amplifier are directly input into the decision circuit. 
Because this differs from the trunk line system and has a 
short transmission distance, an equalizing amplifier can be 
omitted without a significant amount of attenuation of the 
light or fluctuations in the light received. Moreover, there 
is a DC connection between the preamplifier and the 
decision circuit so that any kind of protocol can be met. 


The ICs used this time (laser driver, preamplifier, deci- 
sion circuit, MUX/DEMUX) were all designed and 
developed with 0.5 um WNx gate GaAs MESFET.”»” 
All ICs also operate on a unified -5.2 V power source. 
The performance specifications of the ICs are indicated 
in Table |. 


IC Performance Specification 
Laser driver output frequency 40 mApp (10 Gbps) 
Bias current 0-60 mA 
Preamplifier Transimpedance 49 dBQ 
gain 
Band 5.5 GHz 
Decision circuit Input sensitivity 300 mVpp (10 Gbps) 
8 bit MUX Operating frequency 3-11 GHz 
Input level ECL 
Output level 0/-1 V 
8 bit DEMUX Operating frequency 3-11 GHz 
Input level 0/-1 V 
Output level ECL 











Because phase clocks are required in the MUX/ 
DEMUx, the transmitter and receiver also require two 
in-phase signals and one anti-phase signal. Thus, by 
forming the planar microwave circuit on circuit sub- 
strate, it was possible to get by with a unified clock input 
from outside the module. 


The microwave circuit on the internal circuit substrate 
will be explained later. The termination of the 10 Gbps 
signal line is executed by 50 Q terminal resistance on the 
IC chip, and can conform with a wide frequency range. 


4. Package Design 


4.1 Package Design of the Electronic Circuits 


The package surface area was reduced and satisfactory 
high frequency characteristics were guaranteed for the 
internal substrate on which multiple bare ICs were 
packaged by using an EDP (electrical data processing) 
substrate which incorporates a microwave circuit. 


It is configured by an internal substrate of one EDP 
substrate for transmission which has the MUX and LD 
driver ICs mounted, and a total of two substrates for 
receiving including a substrate on which the PD and 
pre-amplifier are mounted and an EDP substrate on 
which the decision circuit and DEMUX are mounted. By 
dividing the receiving module into two substrates makes 
it easier to study them after packaging, and is also a 
means to avoid the bad effects of noise caused by the 
mixing of analogue and digital ICs. The size of the 
substrate on which the PD and pre-amplifier are 
mounted is 7x10.7x1.76 mm, and the size of EDP 
substrate is 34x10.7x1.76 mm (Figure 3). 
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Bern ah LD driver IC 


Internal 
substrate 
for trans- 
mission 


internal 
substrate 
for 
reception 





Figure 3. Module Internal Substrates (EDP substrates) 
on Which the Transmission and Receiving ICs Are 
Mounted. Microwave circuits for clock distribution, etc. 
are also mounted on the substrate. 





The internal substrate is packaged with face up bare IC 
chips using four layer aluminum substrate. The connec- 
tions between the ICs and substrates were made by wire 
bonding which greatly improves high frequency charac- 
teristics by providing ground routing to the receiving line 
side. The bottom two layers of the four layer substrate 
are grounded with their respective power source supplies 
and are intended to stabilize the power source systems by 
forming a capacitor between two layers and matching 
this with chip capacitors on the substrate. 


Three kinds of microwave circuits are provided on the 
EDP substrate consisting of: 


1) a rat race circuit for the purpose of producing both 
phase clocks from the single phase clock that is input; 


2) a power diode for the purpose of splitting and sup- 
plying the clock to two ICs; 


3) a delay line for the purpose of maintaining a satisfac- 
tory phase relationship of the two ICs on the substrate. 


4.2 Envelope Design 


The envelope in which the internal substrate is packaged 
is indicated in Figure 4. Satisfactory heat conductance 
was guaranteed by adopting a copper/tungsten com- 
posite metal for the material. It was made a long thin 
rectangular shape; the optical input is on one end, while 
the clock input terminal was made by providing a high 
frequency coaxial connector on the other end. Moreover, 
the 1.25 Gbps data signals and the control signals are 
input and output by a feed through provided on the side 
walls. After the characteristics of the internal substrates 
are checked, the envelope is fastened with screws, and 
connected with ribbon wires. The size of the envelope is 
63 (77 mm when including the flange)x 14.7x12 mm. The 
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dimensions here are set so that the harmonic frequency 
(cavity harmonic frequency) of the envelope itself sur- 
passes the 10 GHz of the operational frequency. 








F io a Teeneiieer | and ee Modules for Optical 
Bus Link. External view of the envelope in which the 
internal substrates are packaged. 





5. Measured Results 


The characteristics of the receiving module are indicated in 
Figure 5. The measurements were conducted by inputting 
the output of a pulse pattern generator into the laser diode. 
The phase margin at 10 Gpbs was approximately 90°, and 
the light minimum input sensitivity was |.1 mW,,, 
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Figure 5. Optical Input Sensitivity and Phase Margin 
Characteristics of the Receiver Module. Within measur- 


able limits, a phase margin of approximately 90° can be 
guaranteed at 10 Gbps. 





The optical eye pattern output waveform at 10 Gbps of the 
transmission module is indicated in Figure 6. Because the 
purpose was to confirm the performance of the transmitter 
and receiver and the communication functions, the optical 
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fibers between the transmitting and receiving modules were 
short, just a few meters, and inasmuch as no difference in 
the characteristics was found due to the laser being either 
the FP type or a DFB (distribution feedback) type, the 
modules used a DFB type laser this time. A relatively 
satisfactory eye opening was obtained. 
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~ 62.9600ns 63.0850ns 63.2100ns 
Figure 6. Optical Eye-Pattern Output Waveform. Eight 
1.25 Gbps lines of random signals were input, and the and 
10 Gbps optical signals were observed with an oscillo- 
scope. Vertical axis 25 mV/div; horizontal axis: 25 ps/div. 





When these transmitter and receiver modules were con- 
nected and transmission tests conducted, error free oper- 
ation was confirmed at 10 Gbps. The bit error rate and the 
transmission test results of the transmission and receiver 
modules are indicated in Figure 7. Because the direct lines 
that indicate the transmission bit error rate characteristics 
of the transmission module and the receiving module are 
parallel, there was hardly any deterioration of the receiving 
characteristics caused by noise from the electronic circuits 
within the receiving module or from circumstantial noise. 
The tests were conducted using a 2’-1 data length from the 
relationship with the measuring device. Because there was 
a DC connection between the pre-amplifier and the deci- 
sion circuit, it is possible to allow a signal of an even 
greater data lengtt. 


6. Conclusions 


An ultrahigh-speed optical bus link connecting com- 
puters at 10 Gbps was proposed, optical transmission 
and receiving modules incorporating 8 bit MUX/ 
DEMUxX for use in this were developed, and error free 
operation at 10 Gbps was achieved. By applying this to 
subsequent technology, the low cost, easy to use and 
ultra compact characteristics required for optical LAN 
modules was realized. 


(1) All circuits were made into ICs using 0.5 um gate 
GaAs MESFET. 


(2) This was configured in multi-chip modules including 
microwave circuits on the inner substrate. 


(3) The electric circuits were simplified presuming a short 
transmission distance, and the number of components and 
costs were reduced by making a unified package. 
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Figure 7. Transmission Test Results of the Transmitter 
and Receiver Modules (Bit error rate characteristics). 
The bit error rate characteristics indicates the proba- 
bility of errors occurring in transmitted data per unit of 
time. This is indicated together with the transmitter 
module unit characteristics. 











In the future we expect to promote technical development to 
heighten the functionality and to systematize the modules. 
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[Text] 


Abstract 


The Communications Research Laboratory (CRL) is 
involved in developing an advanced mobile satellite com- 
munications system using millimeter-wave and Ka-band. 
In 1990, CRL started the Communications and Broad- 
casting Engineering Test Satellite (COMETS) project. This 
satellite is being developed in conjunction with NASDA 
and will be launched in 1997. This paper describes the 
COMETS payload configuration and the experimental 
system for the advanced mobile communications mission. 
The 2-m-diameter on-board antenna has three beams: two 
adjacent Ka-band beams and one millimeter-wave beam. 
The two Ka-band transponders have high output power 
SSPAs of 20 W and 10 W. The millimeter-wave tran- 
sponder consists of a 20-W TWTA and an HEMT-LNA 
with a low noise figure of 2.4 dB. The IF filter bank and the 
SCPC/TDM regenerative MODEMs are used to intercon- 
nect a matrix of 2 x 2 beams. In this system, for example, 
an earth terminal with a 10-cm antenna can transmit a 24 
kb/s signal at about 1 W. 


1. Introduction 


In the next few decades, the growing personal commu- 
nications market will rapidly increase the demand for 
fixed and mobile satellite services, and demand for 


For Ka-band IOL Feeder Link and 
MM-wave and Ka-band Mobile Com. 
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mobile satellite communications systems will include 
not only terminals for air, sea and land transport systems 
but also hand-held terminals and portable VSATs. Such 
systems should support various types of transmission, 
from the low bit rates of data of message or voice signals 
to the high bit rates of still pictures or band-compressed 
video. It will be important to establish links directly 
between earth terminals in order to keep the propagation 
delays short enough for supporting telephone and tele- 
conferencing systems. To make the system low in price 
and easy to use, it is necessary to develop suitable 
technology for beam interconnecting and the production 
of hand-held terminals, for example. 


Throughout the 1990s, mobile satellite communications 
services will be provided on a commercial basis, fol- 
lowing on from the research and development phase in 
the 1980s, which involved such ETS-V in Japan, 
PROSAT in Europe and MSAT-X in the U.S.A. In some 
countries, research on future mobile satellite communi- 
cations systems using millimeter-wave and Ka-band has 
already started. A well-known example is the ACTS 
program in the U.S.A." 


In Japan, the Communications and Broadcasting Engi- 
neering Test Satellite (COMETS) project was authorized 
by the government in 1990. The COMETS satellite will 
be put into orbit by Japan’s H-11 rocket in the beginning 
of 1997 to develop the key technologies of future satellite 
communications and broadcasting systems. One of the 
purposes of the COMETS project is to study the feasi- 
bility of advanced mobile communications systems in 
millimeter-wave and Ka-band. These studies will draw 
on the extensive experience already gained by the Com- 
munications Research Laboratory (CRL) in projects 
such as the ETS-V and ETS-VI satellite programs.‘“*” 


This paper describes the concept of the advanced mobile 
satellite communications system, and the configuration 
of the payload on board the COMETS for experiments. 





For Ka and S-bands IOL 





Figure 1. Conceptual Sketch of COMETS 
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2. Advanced Mobile Satellite Communication Mission 
of COMETS Project 


2.1 Japan’s COMETS Program 


The COMETS is being developed by CRL and the National 
Space Development Agency of Japan (NASDA). Figure |! 
shows a conceptual sketch of the COMETS, which features 
geostationary three-axis stabilization, three deployable 
antennas and a 32-m-long solar paddle. 


Table | lists the main features of COMETS. The satellite's 
mission life is three years and its in-orbit weight is about 
two tons. The COMETS has three mission payloads. The 
first is an advanced mobile satellite communications 
system using millimeter-wave and Ka-band, which is being 
developed by CRL. The second is a 21-GHz-band 
advanced broadcasting system developed by CRL and 
NASDA. The third is an S-band and Ka-band intersatellite 
communication system developed by NASDA. 





Table 1. Main Features of COMETS 














Launch date February 1997 
Launch vehicle H-II rocket 
Orbit position 121°E 
Mission life 3 years 





Shape and dimen- Rectangular parallelepiped (approx. 2 x 3 x 3 m); 
sions Approx. 32 m long across solar arrays 








Weight Launch: 3.8 tons; 
Initial geostationary position: approx. 2 tons 
Power Approx. 5.4 kW or more at end of life 





Altitude stabiliza- 
tion method 


Three axis stabilization (feed forward compensa- 
tion when the antenna is driven) 
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2.2 Concept of Advanced Mobile Satellite 
Communications System 


Figure 2 shows the proposed configuration of the advanced 
mobile satellite communications system. This system 
includes a satellite multiple spotbeam antenna, and these 
beams can be connected with each other. Various types of 
services will be offered, such as voice or message commu- 
nications via hand-held terminals, video telephone or fac- 
simile communications via mobile terminals, and TV con- 
ferencing via VSATs. The signal transmission rates for these 
services would vary from 4.8 kb/s to 1.5 Mb/s. 


Millimeter-wave and Ka-band are suitable for future 
mobile satellite communications because they provide 
sufficient bandwidth for supporting large numbers of ter- 
minals, and they avoid interference with existing links. 


2.3 Objectives of Advanced Mobile Satellite Communi- 
cations Mission 


The objectives of the advanced mobile satellite commu- 
nications mission are to develop various key technolo- 
gies and devices for application in future systems. These 
technologies are as follows: 


1) On-board equipment 


To make the earth terminals as small as a hand-held 
telephone and to provide one-hop connections to avoid 
two-hop delays, the satellite must have a high-gain 
antenna, a low-noise receiver and a high-power trans- 
mitter. A multiple spotbeam antenna is suitable for 
obtaining high gain, whereas millimeter-wave and Ka- 
band components must be developed for the receiver 
and transmitter, especially a low-noise amplifier (LNA) 
and a high-power amplifier (HPA). 





Figure 2. Proposed Configuration of Advanced Mobile Satellite Communications System 
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2) Multibeam interconnection 


There are three kinds of beam interconnection methods. 
One involves using an SCPC/TDM regenerative 
MODEM with FDMA/TDM translation, another is SS- 
FDMaA with IF filiess and the third is SS-TDMA with IF 
SWs or baseband SW matrix. These methods are com- 
pared in Table 2. SCPC/TDM demands less earth- 
terminal transmitting power than SS-TDMA, but is not 
suitable for high transmission rates. For application to 
the advanced mobile satellite communications system, 
the methods with SCPC/TDM regenerative MODEM 
and IF filter bank are suitable. The regenerative 
MODEM is an area of particular importance. 
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3) Countermeasures for rain attenuation and shadowing 


The millimeter-wave and Ka-band frequencies are suit- 
able for future systems because they do not require large 
antennas, and because these frequencies have enough 
bandwidth to provide a large channel capacity. However, 
they sufler from large rain attenuation. A possible way of 
reducing this problem is to use a variable transmission 
rate. The cording, modulation and signaling protocols 
should be designed while taking such shadowing prob- 
lems into consideration. 


4) Compact earth terminal 


Active phased array antennas and accurate antenna 
tracking techniques are key technologies of the earth 
terminals. 





Table 2. Comparison of Beam Interconnection Methods 





SCPC/TDM regenerative MODEM 


SS-FDMA SS-TDMA 





- FDMA/TDM translation 
- Baseband SW 


- Frequency division by filters 


- IF SW matrix or base-band SW 





Merit Lower earth station transmitting power 

than SS-TDMA 

-Efficient use of satellite power 

- No need for synchronization of earth 
Station transmission 


- Flexible Modulation Method 


- One TDMA MODEM 

- Efficient use of satellite power 
- Flexibility of traffic 

- High transmission rate 

- Large channel capacity 





- Fixed transmission rate 
- Not suitable for high transmission rate 
- Smaller number of channels 


Demerit 








- Needs many filters according to beam 
numbers 

- Use of transponder power and 
frequency is not so effective 

- No on-board link control 


- Needs TDMA synchronization on 
earth station 

- Higher earth transmitting power than 
SCPC/TDM 








3. Mobile Communications Mission Payload of COMETS 
3.1 Outline 


Table 3 lists the main features of the advanced mobile 
satellite communications mission payload of COMETS. 
The antenna has three beams; two adjacent Ka-band 


beams (Tokyo and Nagoya beams) and a millimeter- 
wave beam (Tokyo beam). As Figure 3 shows, the 
payload consists of the multibeam antenna, millimeter- 
wave and Ka-band transmitters and receivers, an IF 
filter bank and regenerative MODEMs to enable 2 x 2 
matrix beam interconnection. 





Table 3. Outline of Mission Payload 


























Antenna Spot beam antenna shared by MM-wave and Ka-band (shared with feeder link antenna for inter-orbit communication) 
Diameter: 2 m, Circular polarization, Antenna pointing system 
Beam Two Ka-band beams (Tokyo and Nagoya beams) 
One MM-wave beam, (Tokyo beam) 
Frequency Ka-band 30.75-30.85 GHz (uplink) 
20.98-21.07 GHz (downlink) 
MM-wave 46.87-46.90 GHz (uplink) 
43.75-43.78 GHz (downlink) 
Number of Ka-band 2 (20 W and 10 W SSPA) 
transponders 
MM-wave 1 (20 W TWTA) 
Operation IF repeater 2 x 2 matrix beam interconnecting by IF filter bank 
mode Wide band filter (6 MHz) and narrow band filter (500 kHz) 
Regenerative transponder 8 ch SCPC (uplinkY¥TDM (downlink) 
Beam interconnection by baseband switching 
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Figure 3. Mobile Communications Mission Payload of COMETS 





The experimental system uses the 47/44-GHz bands for 
millimeter-wave communication and the 31/21-GHz 
bands for Ka-band communication. 


3.2 Multibeam Antenna 


The 2-m-diameter antenna is used for both millimeter- 
wave and Ka-band communication. Figure 4 shows the 
footprints of COMETS’s receive antenna, which has one 
spot beam in the millimeter-wave, with a maximum gain 
is 52.1 dB, and two spot beams in the Ka-band, covering 
the Tokyo and Nagoya areas. The maximum gains of the 
receiving antenna are 51.3 dB for the Tokyo beam and 
47.1 dB for the Nagoya beam. The two beams are located 
close together so as to enable experiments on interbeam 
interference. The 3-dB contour diameter of each beam is 





Contour gain:-2,-3,-6,-10 dB 
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about 300 km. The antenna has an antenna pointing 
system which tracks a beacon signal transmitted from 
the earth station. 


3.3 RF Section 


The transponder consists of 20-W and 10-W SSPAs for 
Ka-band communication, a 20-W TWTA for millimeter- 
wave communication, and LNAs. An HEMT-LNA with 
a very low noise figure of 2.4 dB has been developed for 
millimeter-wave communication. The transponders for 
the two Ka-band beams can be switched if a malfunction 
occurs in either one. The frequency converters have a 
common local oscillator which is used to facilitate fre- 
quency drift compensation in the satellite. The fre- 
quency of the local oscillator is 14 MHz and its temper- 
ature stability is 2 x 10°’. 
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Figure 4. Footprints of COMETS 's Receive Antenna 
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3.4 IF Filter BankSignals from the uplink beam are 
divided by the IF filter bank and sent to a destination 
beam. A frequency band is preassigned to each beam. 
With this simple and flexible method, various types of 
signals can be transmitted via a through-repeater. 


In using a through repeater, it is desirable to optimize the 
transponder gain and bandwidth in order to increase the 
satellite EIRP and reduce the noise power. To enable 
experiments to be carried out at varying transmission 
rates, the transponders are equipped with two kinds of 
filters: 6 MHz and 500 kHz bandwidth filters. The 
transponder gain can be changed within a 20-dB range. 


Though the system has three beams, only two of them, i.e., 
the Ka-band Tokyo beam and either the Ka-band Nagoya 
beam or the millimeter-wave beam, can be used at the 
same time. Then 2 x 2 matrix beam interconnection is 
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achieved in the IF filter bank. Figure 5 shows the IF 
frequency allocations bound for Ka-band Tokyo beam. 
The IF filters of each beam consist of two wideband 6 MHz 
filters, two narrowband 500 kHz filters, and an 800 kHz 
filter for the regenerative MODEM. The overall frequency 
bandwidth of each transponder is 36 MHz, including 
guard bands. All the filters are SAW filters. 


3.5 Regenerative Transponder 


Table 4 lists the main features of the regenerative 
transponder.’ Eight-channel SCPC signals are received 
at one regenerative MODEM and a single TDM signal is 
transmitted. The SCPC signal transmission rate is 24 
kbps or 4.8 kbps with BPSK modulation. The eight- 
channel SCPC signals are demultiplexed by a digital 
polyphase-FFT filter and demodulated discretely. Rate 
“2 convolutional coding and Viterbi decoding are used 
for forward error correction. 





Table 4. Outline of Regenerative Transponder 





SCPC 





Downlink TDM 





Number of channels 8 ch / Beam 
6 ch for Continuous Signals 


2 ch for Packet Signals (Including | ch for Channel Assignment) 








Transmission rate 24 kb/s or 4.8 kb/s 





Modulation 


BPSK 





FEC — Rate ‘4 Convolutional Coding, Viterbi Decoding 








The signaling protocol of the MODEM is classified to 
pre-assignment and demand assignment. In the case of 
demand assignment, a signal is assigned by an on-board 
program to a vacant channel according to a set-up 
demand from an earth station. Signaling is achieved by 
not only the built-in program but also an optional 
program downloaded from an earth station. Circuit 
switching of the built-in program is achieved by a control 
signal which is transmitted through one SCPC packet 
signal channel and one TDM signal slot. 





From Nagoya or MM-wave Bear to Tokyo Boar 


36 MHz — 


The protocol has some special functions suitable for 
mobile satellite communications. In order to increase the 
link occupancy, calls from earth terminals are first stored 
in the satellite buffer memory with a 30-channel capacity, 
and the signals are then assigned sequentially to vacant 
channels. In the case of land mobile communication, the 
link is held for a fixed length of time after it is interrupted 
by shadowing. On the other hand, the link may be uiscor 
nected automatically after a limited period when, for 
example, an automobile goes through a tunnel. 
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Figure 5. IF Frequency Allocation Bound for ka-band Tokyo Beam 
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3.6 Link Budget 


Table 5 shows an example of the link budget. The earth 
terminal is located in a region of maximum satellite 
antenna gain. When using an IF filter bank, a 300 kb/s or 
4.8 kb/s signal can be transmitted between land mobile 
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earth stations with 30-cm or 10-cm-diameter antennas in 
Ka-band. With a regenerative transponder, the earth 
terminal only needs enough transmitting power to get the 
required uplink C/No because the uplinks and downlinks 
are independent. An earth terminal with a 10- 
cm-diameter antenna can transmit a 24 kb/s signal with 
a power of about | W in Ka-band. 





Table 5. Example of Link Budget 








































































































Operation Mode IF Repeater Regen. Trans. 
Frequency Ka-band Ka-band MM-band Ka-band 
Transmission rate i kb/s 300 48 48 24/192 
TX earth station 

TX power Ww 3.4 0.47 0.53 1.08 

TX antenna diameter cm 30.0 10.0 10.0 10.0 

TX antenna gain dB 33.7 24.2 27.8 24.2 
Pass loss dB 214.3 214.3 218.0 214.3 
Rain margin dB 5.0 5.0 7.0 5.0 
S/C (receiving) 

RX antenna gain dB 49.3 49.3 49.8 49.3 

RX power dBm -100.9 119.1 -120.1 115.5 

No dBm/Hz 169.7 169.7 -169.7 169.7 
Uplink C/No dB x Hz 68.8 $0.6 49.6 $4.2 
S/C (transmitting) 

Transponder gain dB 132.0 142.0 142.0 - 

TX power Ww 1.3 0.19 0.16 44 

TX antenna gain dB 47.0 47.0 50.5 47.0 
Pass loss dB 211.4 211.4 217.8 211.4 
Rain margin dB 2.5 2.5 4.0 2.5 
RX earth station 

RX antenna gain dB 31.9 22.3 28.7 22.3 

RX power dB 103.9 -121.7 -120.6 -108.1 
No dBm/Hz 171.5 171.5 ATS TLS 
Downlink C/No dB x Hz 67.6 49.9 50.9 62.3 
Required C/No dB x Hz 65.2 47.2 47.2 























Location of earth station: Center of Tokyo beam 





BPSK, Required Ep/No = 10.4 dB (BER = 1074) 





The satellite antenna gain is not exceptionally high, but 
is sufficient for experiments to verify the key technolo- 
gies. At the crossover point of the two Ka-band beams, 
the satellite receiving antenna gain drops by about 9 dB. 
It is possible to examine the effects of beam intersection 
at a lower transmission rate or on a fine day. Simulta- 
neous communication of 30 or 50 signals can be inves- 
tigated under certain restrictions. 


4. Conclusion 


In this paper, we have descrived the concept of a future 
advanced mobile satellite comnivnications svsiem using 
a geostationary satellite featuring multiple spotbeam 
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antenna, on-board beam interconnection and millime- 
ter-wave and Ka-band components. We have also 
described the configuration of the payloads of Japan's 
COMETS for advanced mobile satellite communication 
experiments. This satellite’s transponder has an IF filter 
bank and an SCPC/TDM regenerative MODEM for 
beam interconnection. 


The COMETS program was recently implemented and 
the transponders are being developed. Further studies on 
the satellite and earth terminals are being carried out to 
establish the essential technologies for advanced mobile 
satellite communications in millimeter-wave and Ka- 
band. 
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